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ABSTRACT 


This  study  Illustrates  the  relationships  between  physical  and  cultural 
environments  and  the  presence  of  harmful  insects  and  other  arthropods  in 
mainland  Southeast  Asia.  These  relationships  ere  graphically  portrayed  in 
diagrammatic  cross-sections  through  various  parts  of  the  study  area.  In 
addition,  the  physical  and  cultural  factors  that  contribute  to  the  pro¬ 
pagation  and  spread  of  harmfu1  insects  are  analyzed,  ar.d  there  are  brief 
descriptions  of  the  offending  species. 

Of  the  insects  that  contribute  most  to  the  origin  and  ead  of  disease 
the  mosquito  easily  takes  first  place.  The  hot,  humid  c*  .ace  of  Southeast 
Asia  and  the  numerous  water  bodies  provide  ideal  condi t'jns  for  the  survival 
of  this  group  of  insects.  Various  mosquito  species  are  known  to  be  trans¬ 
mitters  of  malaria,  dengue  fever,  filariasis,  and  Japanese  B  encephalitis. 
Other  important  disease-causing  Insects  include  non-biting  flies,  fleas, 
sandflies,  and  lice,  while  disease-carrying  species  are  also  found  among  the 
mites  and  ticks.  They  are  responsible  for  the  spread  of  a  wide  variety  of 
diseases  and  infections,  including  myiasis,  plague,  typhus,  kala  azar,  yaws, 
and  bacterial  dysentery. 

The  principal  environmental  types  in  Southeast  Asia  are:  (1)  cities 
and  large  towns;  (2)  villages  and  isolated  rural  settlements;  (3)  ricefields 
(4)  brackish  coastal  margins;  (5)  delta  plains,  coastal  plains,  and  flood- 
plains;  (6)  elevated  plains,  low  plateaus,  and  foothills;  and  (7)  hills, 
mountains,  and  dissected  plateaus.  Each  of  these  environments  has  its  own 
complex  of  harmful  insects.  In  general,  the  areas  of  lowest  elevation, 
highest  rainfall,  and  least  population  have  the  widest  variety  of  harmful 
insects,  and  the  areas  of  highest  elevation,  lowest  rainfall,  and  densest 
population  have  the  fewest.  However,  there  are  exceptions  to  this  rule. 
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ENVIRONMENTAL  CONDITIONS  RELATING  TO  HARMFUL 
INSECTS  OF  MAINLAND  SOUTHEAST  ASIA 


1.  Introduction 

The  distribution  of  harmful  insects  and  other  arthropods  in  Southeast 
Asia  is  influenced  both  by  the  natural  environment  and  by  cultural  factors 
associated  with  the  human  population  of  the  region.  Climate  is  the  most 
important  physical  element  because  of  its  direct  effects  on  insect  life 
and  its  strong  relationships  with  natural  vegetation  and  soil,  which  are 
also  significant  determinants  of  insect  fauna.  Land forms  and  land-water 
distribution  are  other  physical  factors  that  Influence  the  pattern  of 
insect  life,  both  in  terms  of  direct  effects  and  their  local  modification 
of  climate. 

Numerous  cultural  factors  also  influence  the  distribution  of  harmful 
insects.  Land-use  patterns,  rural  settlements,  urbanization,  and  popula¬ 
tion  densities  are  reflected  in  ways  that  favrr  the  development  and  spread 
of  certain  insects  and  retard  or  restrict  development  of  others.  The  rela¬ 
tive  development  of  public  and  private  sanitation,  the  state  of  medical 
technology,  and  the  use  of  insecticides  or  other  anti-insect  measures  also 
have  bearing  on  the  incidence  of  harmful  insects. 

2.  Physical  Environment 

a.  Terrain 

The  terrain  pattern  of  mainland  Southeast  Asia  has  been  aptly  des¬ 
cribed  as  resembling  a  huge  fan  spreading  southward  from  the  eastern  end 
of  the  Tibetan  Upland.  The  ribs  of  the  fan  consist  of  mountain  ranges, 
high  and  closely  spaced  in  the  north,  somewhat  lower  and  flaring  outward 
in  the  south.  The  veins  of  the  fan  are  formed  by  the  deep  valleys  of  the 
major  rivers,  the  Irrawaddy,  the  Salween,  the  Mekong,  the  Red,  and  other 
lesser  streams.  As  the  valleys  approach  the  sea  they  become  wider  and 
flatter.  In  their  lower  courses  the  valley  floors  are  covered  by  alluvium 
from  periodic  floods,  and  the  rivers  are  actively  constructing  deltas  at 
their  points  of  entry  into  tb i  sea.  This  arrangement  of  mountain  chains 
and  valleys  is  the  product  oc  erosion  and  deposition  by  the  major  rivers 
of  the  area.  These  streams  have  cut  the  high  ground  into  elongated  sections 
and  have  built  up  the  lower  areas  into  their  present  alluvial  plains. 

The  terrain  of  Southeast  Asia  is  illustrated  in  Figure  2.  In  addition 
to  the  principal  features  of  generally  north-south  trending  mountain  ranges 
and  river  valleys.  Southeast  Asia  has  two  major  plateaus  and  a  structural 
basin.  The  highest  of  the  plateaus  is  the  Shan  Highland ,  a  20, 000 -square - 
mile  upland  between  the  Irrawaddy  and  Salween  valleys  in  northeastern 
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Burma.  Elevations  in  this  very  rugged  area  range  betveen  2800  and  5000 
feet.  Somewhat  lower  in  elevation  and  slightly  smaller  is  the  Korat 
Plateau,  a  tableland  with  an  average  elevation  of  about  500  feet  at  its 
center,  rising  to  about  2000  feet  along  its  southern  and  western  rims. 

The  basin  is  referred  to  as  the  Cambodian  Saucer,  a  gentle  depression 
occupying  the  northwestern  third  of  the  Mekong  Lowland  and  encompassing 
most  of  Cambodia. 

A  large,  fresh-water  lake,  the  Tonle  Sap,  covers  the  lowest  part  of 
the  basin.  One  of  the  most  unusual  features  of  the  physical  geography  of 
Southeast  Asia  is  the  yearly  flooding  of  the  Tonle  Sap.  The  lake  becomes 
considerably  larger  for  several  months  each  year  because  of  the  backing- 
up  of  flood  waters  from  the  Mekong  River. 

b.  Climate 

Most  of  Southeast  Asia  has  a  humid  tropical  climate,  which  is 
conducive  to  the  development  of  a  large  and  varied  insect  population. 
Temperatures  are  high  throughout  the  year;  there  is  no  season  of  pro¬ 
nounced  cold  and  consequently  no  need  for  insects  to  have  a  period  of  dor¬ 
mancy.  Southeast  Asia  is  dominated  by  monsoonal  (or  seasonally  reversing) 
wind  systems  that  cause  most  of  the  area  to  receive  its  maximum  precipi¬ 
tation  during  summer.  On  the  other  hand,  the  winters  are  comparatively 
dry  over  much  of  the  region.  (However,  local  variations  in  position  with 
respect  to  water  bodies  cause  some  places  to  experience  their  maximum 
rainfall  in  winter;  for  example,  the  central  coast  of  Vietnam  and  the 
eastern  coast  of  the  Malay  Peninsula.)  Because  of  the  monsoonal  control 
of  precipitation,  seasons  in  Southeast  Asia  are  customarily  divided  iuto 
the  dry  monsoon  (winter  for  most  of  the  region)  and  the  wet  monsoon  (suasaer 
for  most  of  the  region) . 

In  general,  insect  life  is  much  more  prolific  during  the  wet  monsoon 
than  during  the  dry  monsoon.  The  seasonal  patterns  of  precipitation  and 
the  surface  winds  which  govern  these  patterns  are  shown  in  Figures  3a  and 
3b. 

During  the  dry  monsoon,  which  usually  prevails  from  mid-October  to 
mid-March,  air  temperatures  are  comparatively  cool  and  have  fairly  large 
diurnal  variations  (the  difference  between  the  high  and  low  temperatures 
for  a  24-hour  period) .  Temperatures  average  several  degrees  lower  In  the 
north  than  in  the  south,  but  do  not  drop  to  the  freezing  level  at  any 
place  other  than  the  higher  elevations.  A  typical  lowland-interior  station 
may  have  temperatures  as  low  as  50-60°F  during  a  January  night,  but  the 
thermometer  will  likely  rise  to  the  70 Ss  during  the  day.  Except  In 
certain  exposed  locations,  precipitation  is  normally  very  light  at  this 
time  of  year. 
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More  than  50  inches 

I _ |  20—50  inches 

j _ J  5~20  inches 

_ j  1_5  inches 

| _ _J  less  than  1  inch 


Direction  ot 
surface  wind 


Where  Che  land  is  exposed  to  moist  southwest  winds,  the  wet  monsoon 
begins  about  the  middle  of  May  and  persists  until  mid -September.  Temper¬ 
atures  reach  theii.  yearly  maximum  just  prior  to  the  arrival  of  the  rainy 
season,  and,  combined  with  increasing  humidity,  make  the  weather  at  this 
time  of  year  exceedingly  uncomfortable.  With  the  increasing  cloudiness 
accompanying  the  onset  of  the  rainy  season,  air  temperatures  drop  some¬ 
what,  but  sensible  temperatures  and  human  discomfort  remain  high  because 
of  the  very  high  humidity.  Air  temperatures  are  generally  in  the  high 
80' s  or  low  90's  (F°)  during  the  day,  and  night-time  temperatures  drop 
only  to  the  middle  or  upper  70 :s.  These  conditions  are  nearly  perfect  for 
the  propagation  of  a  wide  variety  of  insects. 

Summer  rainfall  is  typically  convectionai  (i.e.,  thunderstorms  or 
heavy  showers  caused  by  heating  of  moist  air) ,  occurring  most  frequently 
in  the  mid -afternoon.  However,  convectionai  rainfall  may  also  be  triggered 
by  factors  other  than  daytime  heating,  so  storm  activity  may  occur  at  any 
time  of  night  or  day.  Because  of  the  prevalence  of  air  movement  from  the 
southwest,  the  southern  and  western  (windward)  exposures  have  dense  cloud 
cover  and  frequent  heavy  rains  in  summer.  It  is  not  unusual  for  a  wind¬ 
ward  slope  to  receive  well  over  100  inches  of  rain  during  a  single  summer 
season.  By  contrast,  the  northern  and  eastern  (leeward)  slopes  are  much 
drier,  often  with  no  more  than  20  inches  of  rain  during  the  same  period. 

The  windward-leeward  differences  are  particularly  noticeable  along  the 
Arakan  Yoma,  the  Annamese  Highland,  and  the  mountainous  Malay  Peninsula 
(see  Figure  2). 

Temperatures  during  the  summer  monsoon  are  not  extreme,  afternoon 
highs  reaching  the  high  80's  or  low  90' s  and  nighttime  rainimums  dropping 
to  the  middle  to  upper  70 's.  This  is  due  to  the  very  humid  condition  of 
the  air  along  with  the  attendant  heavy  cloud  cover.  Consequently,  the 
highest  temperatures  are  recorded  during  the  mid-spring  period  preceding 
the  beginning  of  the  rainy  season.  Temperatures  are  highest  at  the  lower 
elevations  and  become  progressively  cooler  with  increased  elevation.  The 
temperature  may  be  expected  to  drop  slightly  more  than  3  Fahrenheit  degrees 
for  every  1000  feet  rise  in  elevation. 

c.  Vegetation 

Southeast  Asia,  an  important  home  of  man  for  more  than  3000  years, 
can  nowhere  be  described  as  having  a  "natural"  vegetation  cover.  For 
throughout  this  long  period  of  occupation,  man  has  been  clearing  forests, 
burning  grasslands,  and  replacing  the  natural  growth  with  that  of  his  own 
choosing,  co  that  today  no  aspect  of  the  landscape  can  be  described  as 
completely  unaltered  by  man.  Almost  every  so-called  "natural"  vegetative 
association  is  secondary  growth  wfth  probably  no  more  than  50  percent  of 
the  original  species  still  present.  In  some  places  the  effect  of  man  has 
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been  to  increase  the  cover  of  tall  grasses,  particularly  where  there  are 
fairly  pronounced  periods  of  drought.  Elsewhere  bamboo  Jungles  may  become 
the  dominant  surface  cover. 

Under  the  influence  of  the  monsoonal  climate,  the  character  of  the 
vegetation  varies  according  to  the  length  of  the  dry  season  and  the  total 
annual  rainfall.  In  sections  where  there  is  no  long  dry  season  and  annual 
rainfall  averages  over  80  inches,  broadleaf  evergreen  forest  is  dominant. 
Where  the  annual  rainfall  drops  below  80  inches  and  there  is  a  well-defined 
dry  season,  monsoon  forest  replaces  the  evergreen  forest.  Where  rainfall 
is  less  than  AO  inches,  the  monsoon  forest  gives  way  to  scrub  £r;i.*ert. 

The  dominant  natural  vegetation  types  of  Southeast  Asia,  therefore, 
are  broadleaf  evergreen  forest  and  monsoon  forest.  However,  there  are 
several  other  types  which  may  or  may  not  fit  within  these  broad  categories, 
but  which  are  important  for  the  purposes  of  this  study.  Therefore,  the 
grouping  used  here  is  as  follows:  (1)  mangrove  forests;  (2)  sandy-shore 
vegetation;  (3)  broadleaf  evergreen  forests;  (A)  moist  mountain  forests; 

(5)  monsoon  forests;  (6)  savannas;  (7)  thorn  forests;  (8)  fresh-water  swamp 
forests  and  marshes;  and  (9)  man-made  or  man-dominated  associations.  The 
distribution  of  these  vegetational  types,  with  the  exception  of  sandy- 
shore  vegetation  and  fresh-water  swamp  forests  which  are  of  relatively 
small  extent,  is  illustrated  in  Figure  A. 

(1)  Mangrove  forest.  The  mangrove  forests,  a  specialized  adapta¬ 
tion  of  the  broadleaf  evergreen,  consist  of  a  number  of  species  which 
grow  only  along  coasts  where  active  sedimentation  is  taking  place.  Most 
of  these  species  have  pneumatophores  or  "breathing  roots"  which  project 
above  the  ground  level  in  loops  or  "knees".  All  have  structural  adapta¬ 
tions  which  permit  them  to  root  effectively  in  unstable  mud,  and  the  exten¬ 
sive  root  systems,  often  beginning  well  above  the  ground  like  flying 
buttresses,  may  provide  support  for  large  trees.  The  chief  difference 
between  species  lies  in  the  amount  of  tidal  inundation  they  can  tolerate; 
consequently,  there  is  a  well-defined  zonation  of  species  parallel  to  the 
shore  line.  The  seaward  plants,  being  most  tolerant  of  salt  water,  make 
up  the  advance  guard  pushing  seaward.  At  the  inland  fringe,  the  least 
salt-tolerant  trees  mark  the  transition  to  fresh  water  swamp  forest  or 
some  other  non-marire  type  of  vegetation. 

(2)  Sandy  shore  vegetation.  Along  the  sandy  shores  of  Southeast 
Asia  is  a  type  of  vegetation  termed  the  Pes-r.aurae  formation.  This  corres¬ 
ponds  generally  to  the  strand  vegetation  of  Europe  and  North  America,  and 
consists  of  salt-tolerant  short  herbs,  grasses  and  shrubs.  It  may  form  a 
complete  ground  cover,  but  more  frequently  it  consists  of  an  open  community 
of  plants. 
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Along  the  moister  tropical  beach  margins,  the  herbaceous  vegetation 
abruptly  gives  way  to  beach  woodland,  which  may  form  either  a  cense  belt 
of  fairly  large  trees  or  scattered  clumps  of  trees  separated  by  open  space. 
The  trees  usually  begin  no  more  than  75  to  100  yards  inland  from  the  shore 
and  are  distinct  from  those  found  in  other  forests.  Some  trees  of  this 
forest  reach  heights  of  90  feet  or  more,  nearly  as  high  as  the  overage 
tree  in  the  tropical  rainforest.  Undergrowth  is  dense,  and  combined  with 
an  abundance  of  lianas  and  epiphytes,  it  makes  penetration  difficult. 

(3)  Broadleaf  evergreen  forest.  The  broadleaf  evergreen  forest 
of  Southeast  Asia  is  located  on  the  poleward  margins  of  the  tropical  rr.in- 
forest,  and  differs  from  it  by  having  a  greater  proportion  of  deciduous 
trees.  Typically,  there  are  three  stories  of  trees  in  addition  to  the 
shrub  and  herb  layers.  Trees  150  to  200  feet  tall  are  scattered  through¬ 
out  the  forest,  their  isolated  crowns  rising  above  the  second  level  of 
more  solid  green.  These  taller  trees  shed  their  leaves  annually  but 
appear  to  be  evergreen  because  many  of  the  species  grow  new  leaves  before 
the  old  ones  have  dropped  off.  Trees  of  this  story  have  thin,  straight 
trunks  despite  their  great  height,  and  they  are  inclined  toward  flattened 
crowns.  Many  of  the  tall  trees  have  widely  spreading  plank  buttresses 
supplementing  the  root  anchorage. 

The  middle  story,  reaching  a  uniform  level  at  about  60  feet,  consists 
almost  entirely  of  evergreens.  The  trees  are  smaller  in  every  respect 
except  for  the  leaves,  which  are  larger  than  those  of  the  upper  level. 

Palms  and  bamboos  form  part  of  the  undergrowth.  The  herbaceous  layer  is 
sparse,  consisting  chiefly  of  ferns  and  dicotyledonous  herbs,  but  never 
grasses.  Conspicuous  also  are  climbing  plants,  often  with  lengths  greater 
than  300  feet.  They  consist  of  lianas  which  climb  from  the  ground  to  the 
sunlit  crowns,  usin^  the  trees  as  supports  only,  and  epiphytes,  which 
include  orchids,  ferns,  and  wild  figs. 

The  broadleaf  evergreen  forest  is  found  chiefly  in  areas  of  heavy  rain¬ 
fall  along  the  southern  coastal  margins,  particularly  in  lower  Burma  and 
in  the  southern  Annaaese  Highland,  where  the  heaviest  rainfall  totals  are 
recorded.  Figure  5,  a  profile  of  vegetation  from  the  zone  of  tropical 
rainforest  through  the  zone  of  scrub  forest,  illustrates  the  relative 
po. ition  of  the  broadleaf  evergreen  forest. 

(4)  Moist  mountain  forest.  Above  2500  feet  throughout  most  of 
Southeast  Asia,  the  broadleaf  evergreen  forest  gradually  gives  way  to 
temperate-zone  trees  such  as  oak  and  chestnut.  The  canopy  is  more  open 
than  in  the  broadleaf  evergreen  forest.  Ground  herbs  and  ferns  are  more 
abundant,  herbaceous  plants  often  forming  a  thick  ground  carpet.  Climbing 
plants  are  still  abundant,  particularly  epiphytes,  which  appear  to  increase 
with  elevation. 


Figure 


At  still  higher  elevations  plants  become  progressively  smaller,  and 
the  woody  species  are  often  twisted  and  gnarled.  Above  5000  feet  there 
may  be  a  moss  forest  which  differs  considerably  from  either  of  the  other 
moist  types.  Here  the  number  of  tree  stories  is  reduced  to  one,  the  average 
height  ranging  between  20  and  30  feet.  The  thick  cover  of  epiphytes 
(chiefly  mosses  and  liverworts)  gives  a  grotesque  appearance  to  the  dwarfed 
trees  and  to  the  forest  in  general.  Mosses  hang  in  thick  blankets  every¬ 
where,  often  burying  small  trees  and  shrubs.  Moss  forests  will  not  grow 
where  there  is  a  pronounced  dry  season.  Zn  typical  monsoon  areas,  pine 
forests  intermixed  with  some  brcadlenf  trees  occupy  the  zone  above  5000 
feet. 

(5)  Monsoon  forest.  Monsoon  forest  is  the  most  widely  distributed 
of  the  natural  vegetation  types  in  Southeast  Asia.  It  is  transitional 
between  the  wet  rainforest  and  the  dry  subtropical  savannas.  There  are 
fewer  species  than  in  the  rainforest,  teak  being  the  most  widespread  al¬ 
though  it  seldom  constitutes  more  than  10  percent  of  the  total  forest  stand. 
Where  rainfall  is  relatively  high,  the  trees  are  dormant  for  only  a  brief 
period,  often  putting  forth  new  growth  only  3  or  4  months  after  the  time 

of  leaf  fall.  The  shrub  layer  is  poorly  Developed,  but  bamboo  is  abundant. 
Grass  cover  on  the  ground  is  unusual,  and  there  are  few  ferns.  Climbing 
plants  are  conspicuous,  but  they  do  not  alter  the  open  appearance  of  the 
forest. 

Under  less  humid  conditions  (which  are  characteristic  of  a  large  part 
of  the  area),  teak  forest  dominates.  Teak  is  adapted  to  a  more  prolonged 
period  of  drought,  and  usually  occurs  where  the  rainfall  ranges  from  40  to 
60  inches.  It  often  is  found  in  pure  stands  as  a  result  of  forest  burning, 
because  its  saplings  can  survive  fire  without  destruction  and  its  thick, 
hard-cased  seeds  are  also  very  fire  resistant.  It  is  a  large  tree  growing 
to  heights  of  120  feet,  and  pure  stands  constitute  an  Important  resource 
because  teak  finds  a  ready  market  as  a  cabinet  wood. 

Bamboo,  a  giant  perennial  grass,  is  another  characteristic  plant  of 
the  monsoon  forest,  particularly  the  drier  portion  of  it.  Large  trees  are 
completely  covered  with  bamboo,  for,  as  in  the  case  of  teak,  bamboo  seeds 
are  fire-resistant. 

In  the  still  drier  margins  of  the  monsoon  forest,  a  type  of  forest 
referred  to  as  Indiana  in  Burma  and  padena  in  Thailand  occurs.  This  forest 
develops  in  areas  where  the  average  annual  rainfall  is  about  40  to  45  inches. 
Trees  are  small,,  ranging  between  30  and  80  feet  in  height.  The  undergrowth 
consists  largely  of  a  tangle  of  grasses  with  occasional  cycads.  Bamboo 
often  is  scarce  or  missing.  The  surface  flora  is  scanty,  and  bare  soil  is 
cousson.  Epiphytes  are  usually  abundant. 

(6)  Savanna.  In  Southeast  Asia  open  grasslands  are  generally 
secondary  growths  arising  after  the  destruction  of  the  monsoon  forest  by 
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burning  or  shifting  cultivation.  As  is  true  in  many  savanna  areas,  it  is 
a  common  practice  to  set  fire  to  the  coarse  dry  grass  at  the  end  of  the 
dry  season  to  promote  the  growth  of  the  young  tender  shoots  that  are  pre¬ 
ferred  for  grazing.  Typically,  savannas  have  scattered,  widely  spaced 
trees  which  lose  their  leaves  during  the  dry  season. 

(7)  Thorn  forest.  On  the  drier  margins  o£  the  savanna  forest  the 
tree  growth  i<  mostly  thorny.  Acacias  are  the  most  conmon,  occurring  as 
both  trees  and  bushes.  They  seldom  grow  more  than  30  feet  tall.  As  in 
the  savannas ,  grass  is  the  dominant  undergrowth  and  tree  climbers  are  abun¬ 
dant. 


Thorn  forests  occur  where  the  rainfall  is  less  than  AO  inches  per  year, 
with  local  variations  caused  about  as  much  by  soil  differences  as  by  rain¬ 
fall.  The  depth  and  porosity  of  the  soil  substantially  modify  the  effects 
of  rainfall.  The  farther  away  from  the  humid  rainforest,  the  more  marked 
is  the  effect  of  soil  differences  on  vegetation.  The  broadleaf  evergreen 
forest  and  the  moister  sections  of  the  monscon  forest  are  essentially 
unaffected  by  the  character  of  the  soil. 

(8)  Fresh  water  swamp  forest  and  marsh.  In  many  places  where 
land  and  water  meet,  the  land  constantly  encroaches  on  the  water.  Among 
the  more  Important  agents  in  this  encroachment  is  vegetation,  which  impedes 
the  movement  of  water  and  thus  increases  deposition  of  material  carried 
in  suspension. 

The  primary  vegetative  succession  in  fresh  water  lakes  and  swamps 
begins  with  floating  aquatic,  plants  associated  with  water  lilies.  These 
may  give  way  to  a  swamp  sedge  and  fern  community  made  up  oi  various  ferns, 
sedges,  grasses,  and  other  herbaceous  plants.  These  are  succeeded  by 
taller  plants  including  reeds,  rushes,  and  ferns.  The  next  stage  consists 
of  shrubs  and  palms,  which  may  be  followed  by  a  tall,  fresh-water  swamp 
forest. 

Marshes  are  widespread  in  the  deltas  and  flood  plain  margins  of  the 
larger  streams.  Seasonally  inundated  marsh  land  forms  a  belt  many  miles 
wide  around  the  Tonle  Sap  in  Cambodia. 

(S)  Man-made  or  man -dominated  patterns.  While  man  has  profoundly 
altered  the  natural  pattern  of  vegetation  in  Southeast  Asia,  the  centers 
of  dense  human  population  sh art  the  greatest  impact.  In  addition  to  their 
usual  domesticated  plants,  densely  populated  areas  have  numerous  non-cul- 
tivated  varieties  which  show,  by  means  of  their  patterns  of  distribution 
and  the  use  made  of  them,  the  pervasive  influence  of  man.  Various  types 
of  trees  serve  as  sources  of  lumber,  firewood,  end  fruits  and  uuts. 

Certain  species  may  be  nurtured  as  ornamentals  or  shade  trees;  wild  grasses 
serve  as  forage  for  domesticated  animals;  and  numerous  wild  flowering 
plants  are  gathered  and  used  for  decoration. 
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The  most  important  field  crop  and  the  one  with  the  greatest  effect  on 
the  landscape  wherever  it  is  found  is  wet  rice.  This  crop  dominates  ail 
river  deltas  as  well  as  most  of  the  flood  plains  adjacent  to  the  larger 
streams.  Wet  rice  demands  a  uniform  but  very  gently  inclined  surface,  per¬ 
mitting  controlled  flooding  during  the  period  of  growth  (the  5 -month  period 
coinciding  with  the  wet  monsoon) . 

In  many  deltas  farmers  have  the  problem  of  not  only  providing  adequate 
water  for  their  rice  plants,  but  also  of  protecting  their  fields  from 
flooding  during  the  periods  of  heavy  rain.  Natural  and  man-made  levees 
hold  back  streams  which  even  at  normal  levels  are  flowing  well  above  the 
agricultural  land  on  either  side. 

Ir.  most  of  the  low-lying  delta  lands  two  crops  of  rice  may  be  planted 
in  a  single  year,  and  in  the  better  drained  portions  dry  crops  (corn,  sweet 
potatoes,  etc.)  are  frequently  planted  after  the  rice  crop  is  harvested. 
Every  agricultural  household  produces  a  variety  of  garden  vegetables,  and 
surrounding  every  homestead  and  paralleling  every  village  street  are  fruit 
trees,  palms,  ornamental  shrubs,  and  shade  trees. 

Under  less  humid  conditions,  vet  rice  fields  occupy  only  a  small  pa_t 
of  the  total  land  area,  mixed  farming  being  more  characteristic.  Field 
crops  include  peanuts,  sesame,  beans,  cotton,  millet,  and  an  unirrigated 
variety  of  rice  called  dry  rice. 

The  hills  and  mountains  are  sparsely  populated,  and  in  many  areas 
"shifting"  agriculture  still  goes  on.  Domestic  tree  crops  are  important, 
including  tung  trees,  tea  shrubs,  and,  in  certain  parts  of  the  south, 
rubber  and  coconut  plantations. 

d.  Ground  Conditions. 

While  it  is  difficult  to  generalize  relative  to  ground  conditions 
over  so  large  and  varied  an  area  as  Southeast  Asia,  it  is  important  to 
recognize  the  influence  they  have  over  the  distribution  of  the  various 
forms  of  insect  life.  Surface  moisture  is  essential  to  the  breeding  of 
many  insects,  and  moisture  conditions  often  determine  what  species  will 
be  found  in  a  given  locality.  This  is  particularly  true  of  mosquitoes, 
but  it  is  also  true  of  most  of  the  other  insects.  Moisture,  either  in  the 
form  of  transient  surface  water  or  ground  water,  is  usually  necessary  for 
their  existence.  Ground  cover  is  also  important  to  most  insects,  either 
directly  or  indirectly,  providing  food  and  harborage  for  their  vertebrate 
hosts  (rats,  mice,  shrews,  D^.rds,  etc.),  or  refugs  for  the  insects  them¬ 
selves.  The  composition  of  surface  materials  affects  distributions 
indirectly  through  its  adaptability  to  the  needc  of  burrowing  animals, 
both  vertebrate  and  invertebrate.  Some  of  the  relationships  between  envi¬ 
ronmental  factors  and  ground  cover  are  illustrated  in  Figure  6,  a  cross- 
section  of  a  stream  valley  in  the  Korat  Plateau. 
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Several  factors  influence  ground  conditions  in  Southeast  Asia.  All 
lowland  areas  are  generally  flooded  during  the  vet  monsoon.  Major  streams 
passing  through  broad  flood  plains  develop  natural  levees  which  maintain 
stream  channels  at  higher  levels  than  the  adjacent  land.  Thus  after 
flooding  has  occurred  it  is  impossible  to  drain  the  excess  water  from  this 
low-lying  land  into  the  main  streams.  Consequently,  the  levees  are  generally 
paralleled  by  fresh-water  swamps  and  marshes  (similar  to  the  bayous  of  the 
Lower  Mississippi  Valley)  away  from  the  main  streams.  This  is  true  not 
only  of  the  major  lowlands,  but,  because  of  the  tremendous  seasonal  flood 
crests,  it  is  also  true  of  the  streams  crossing  the  Kcrat  Plateau.  Most 
of  the  land  adjacent  to  these  streams  dries  out  rather  quickly  after  the 
beginning  of  the  dry  season,  but  the  lower-lying  deltas  generally  remain 
soggy  most  of  the  year. 

Tidal  marshes  and  mangrove  forests  are  common  along  the  coast,  parti¬ 
cularly  where  delta  formation  is  in  progress.  These  are  affected  by  both 
flood  water  inundation  and  by  the  penetration  of  tidewaters,  which  during 
the  flood  crests  greatly  expand  the  area  covered  by  water.  Extensive  low¬ 
lands  are  water-logged  for  pai  of  the  year  because  of  the  intensive  culti¬ 
vation  of  rice.  Beneath  the  ,  , 'oiest,  the  ground  is  generally  covered 

with  a  thin,  spongy  leaf  litter,  ihis  organic  layer  becomes  progressively 
thicker  from  the  rainforest  into  the  savanna. 

3.  Harmful  Arthropods 

a.  General 


There  are  numerous  species  of  harmful  insects  and  other  arthropods 
in  Southeast  Asia,  many  of  which  adversely  affect  man  in  an  indirect  way, 
destroying  his  field  crops,  infesting  his  fruit  trees,  contaminating  his 
stored  food,  feeding  on  his  clothing  and  other  household  fabrics,  attacking 
his  livestock  and  domestic  pets,  and  even  eating  away  the  foundations  of 
his  buildings.  However,  the  primary  concern  of  this  study  is  the  distri¬ 
bution  of  insects  which  can  cause  direct  bodily  harm  to  military  personnel 
in  the  area,  and  the  environmental  conditions  under  which  these  insects 
exist.  In  particular,  emphasis  is  directed  toward  those  species  respon¬ 
sible  for  the  spread  of  disease  and  infection.  Tables  I,  II,  III,  and  IV 
provide  a  listing  of  the  various  harmful  arthropods  of  the  regions, 
including  more  detailed  information  for  each  species  than  is  given  in  the 
text.  (See  Appendix). 

b.  Mosquitoes 

By  far  the  most  annoyirg  insect  throughout  the  region  and  the  most 
effective  disease  carrier  is  the  mosquito.  Individual  species  are  found 
in  almost  every  environment,  from  the  coastal  margins  to  elevations  above 
8000  feet.  The  one  essential  element  for  all  is  the  presence  of  water. 
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regardless  of  its  physical  qualities.  Some  mosquitoes  breed  only  in  clean, 
flowing  water,  and  others  in  stagnant  waters  fouled  by  decaying  vegetable 
matter;  some  are  adapted  to  the  brackish  water  of  the  coastal  margins,  and 
others  seem  to  thrive  only  in  the  cool,  fresh  waters  of  upland  streams. 
Poorly  drained  areas  such  as  the  flood  plains  of  the  larger  rivers,  and 
interior  and  coastal  marshes,  are  particularly  favored.  Fish  ponds,  rice 
paddies,  shallow  wells,  borrow  pits,  and  other  man-made  reservoirs  often 
prove  attractive  sites  for  breeding.  Permanent  lakes  and  even  free-flowing 
streams  seem  to  be  favored  by  some  species.  Open  water,  free  of  vegetation, 
is  least  favored. 

Though  generalizations  concerning  environmental  controls  are  difficult 
when  dealing  with  a  group  as  large  as  the  mosquito  family,  there  are  a 
number  which  appear  valid.  Water  temperatures  are  important.  Above  80 °F 
the  number  of  species  decreases,  and  water  temperatures  in  excess  of  95°F 
usually  are  fatal  to  larvae.  Many  mosquitoes  escape  excessive  heat  by 
occupying  moving  water,  such  as  that  found  along  the  margins  of  flowing 
streams.  Few  are  active  when  air  temperatures  are  warm  to  hot  and  relative 
humidities  are  low.  Most  remain  relatively  close  to  breeding  sites  through¬ 
out  their  existence,  with  major  movements  generally  limited  to  less  than 
one  mile. 

In  terms  of  human  health,  the  more  important  genera  are  Anopheles. 

Aedes,  Mansonia.  and  Culcx.  Anopheles,  the  largest  genus,  is  also  of 
greatest  significance  in  the  spread  of  disease.  It  is  chiefly  noted  as  a 
vector  (carrier)  of  malaria,  though  certain  species  are  also  Involved  in 
the  spread  of  filariasls.  While  generally  described  as  lowland  mosquitoes. 
Anopheles  are  found  at  all  elevations  up  to  8000  feet,  and  are  actually 
more  effective  in  the  transmission  cf  malaria  at  the  higher  elevations 
because  of  the  greater  tendency  for  the  upland  species  to  feed  on  man  rather 
than  other  animals.  Aedes  are  carriers  of  yellow  fever  in  other  parts  of 
the  world;  although  this  disease  is  unknown  in  Southeast  Asia,  if  a 
reservoir  host  were  to  be  found  it  could  be  introduced.  In  Southeast  Asia 
the  principal  role  played  by  Aedes  is  as  a  transmitter  of  dengue  fever 
and,  more  rarely,  of  Japanese  B  encephalitis.  It  is  also  a  possible 
carrier  of  the  principal  Southeast  Asian  forms  of  filariasls,  Wuchereria 
bancrofti  and  Wuchereria  malgyi.  Mansonia  mosquitoes  are  the  more  impor¬ 
tant  carriers  of  filariasls,  particularly  Wuchereria  malayi.  Culcx  are 
the  principal  infectors  of  Japanese  B  encephalitis. 

c.  Non-biting  Flies 

As  a  pest  and  disease  vector,  the  non-bltlng  fly  probably  is  out¬ 
ranked  only  by  the  mosquito.  A  number  of  these  flies,  notably  Chrvsomyia 
bezziana.  are  involved  in  myiasis  infections.  Myiasis  may  be  caused  by 
flies  laying  their  eggs  or  depositing  their  larvae  in  or  near  diseased 
tissue  of  man  or  animals.  In  some  cases  larvae  are  found  only  on  the 
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diseased  tissue;  however,  more  serious  myiasis  results  from  larvae  that 
invade  the  deeper  tissues.  Any  open  wound  or  even  bruised  tissue  may 
attract  flies  seeking  to  deposit  eggs.  The  more  vulnerable  areas  include 
the  eyes,  nose,  ears,  and  the  anal  and  genital  areas.  Intestinal  myiasis 
may  develop  upon  eating  meat  in  which  eggs  or  larvae  have  been  deposited. 
Musca  sorbens,  a  close  relative  of  the  common  house  fly,  may  be  an  impor¬ 
tant  agent  in  infections  of  yaws,  and  others  may  serve  as  mechanical 
carriers  of  bacterial  dysentery.  Non-biting  flies  are  found  in  almost 
every  type  of  environment,  being  directly  related  to  man  or  his  domestic 
animals. 

d.  Fleas 


Fleas  are  important  as  pests  and  disease  carriers.  All  are  para¬ 
sitic  on  vertebrate  hosts,  especially  on  rats  and  mice.  These  roden.s 
and  their  flea  parasites  tend  to  follow  the  major  conminications  lines, 
and  are  particularly  numerous  in  warehouses  and  storage  areas.  Especially 
attractive  are  grain  stores,  abandoned  feed  dumps,  and  garbage  disposal 
areas.  In  residential  districts  in  cities  and  towns,  they  are  more 
numerous  whenever  there  is  unusual  crowding.  Fleas  are  most  directly  asso¬ 
ciated  with  the  spread  of  plague:  Xenopsylla  cheopis  is  considered  to  be 
the  principal  vector  of  bubonic  plague,  and  Nosopsyllus  fasclatus.  a 
carrier  of  murine  typhus,  is  probably  the  most  important  agent  causing 
plague  infestation  among  wild  animals. 

e.  Sandflies 


Sandflies  are  pests  throughout  Southeast  Asia.  They  are  capable 
of  inflicting  painful  bites,  and  are  involved  in  the  transmission  of  kala 
azar.  Only  one,  Phlebotomus  argentipcs,  is  considered  a  highly  infectious 
carrier  in  this  area.  Sandflies  appear  to  be  capable  of  breeding  almost 
anywhere  they  can  find  unprotected  soil  rich  in  organic  matter,  usually 
within  short  distances  of  houses  and  barns.  Reservoir  hosts  are  mostly 
dogs  and  rodents.  Sandflies  are  sensitive  to  strong  winds,  bright  sun, 
and  even  full  daylight. 

f.  Lice 

Lice  do  not  constitute  a  serious  threat  to  man  in  most  parts  of 
Southeast  Asia,  because  they  tend  to  thrive  only  where  cool  conditions 
prevail  and  where  an  abundance  of  clothing  is  worn.  Nevertheless,  head, 
pubic,  and  body  lice  do  occur  in  Southeast  Asia.  Occasionally,  body  lice 
(Pcdi cuius  humanus  corporis)  may  be  involved  in  the  transmission  of  disease. 
Lice  thrive  under  conditions  of  poverty,  overcrowding,  and  the  associated 
lack  of  cleanliness.  They  are  responsible  for  the  spread  of  epidemic 
typhus,  the  most  serious  form  of  disease,  of  which  man  is  the  only  reservoir 
host. 
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g.  Mites 


Mites,  like  the  disease -carrying  fleas,  are  oriented  chiefly  toward 
major  infestations  of  rats  and  mice,  even  though  other  animals,  such  as 
tree  shrews,  squirrels,  birds,  and  man  serve  as  alternate  hosts*  Mites 
are  responsible  for  the  spread  of  scrub  typhus  (Tsutsugantushi  disease), 
murine  typhus,  and  other  rickettsial  fevers.  The  incidence  of  mite-borne 
diseases  is  directly  dependent  upon  the  affinity  of  the  natural  hosts  to 
man.  As  man  provides  harborage  for  rodents  the  Incidence  increases. 

A  high  incidence  of  mites  is  found  both  in  the  tall  savanna  grasslands 
and  in  dense  forests.  Trombicula  dellensis.  probably  the  most  important 
agent  invo?ived  in  the  transmission  of  scrub  typhus,  is  more  common  in  forests 
while  the  other  important  carrier,  Trombicula  aKamushi.  is  more  often  found 
in  scrub  forest  or  grassland.  The  preferred  hosts  for  both  are  wild  (field) 
rats,  which  account  for  their  primarily  rural  occurrence.  The  heaviest 
concentrations  are  found  in  and  near  abandoned  food  dumps,  gardens,  and 
neglected  plantations.  The  more  serious  outbreaks  of  typhus  generally  are 
related  to  drought,  floods,  crop  failures  with  associated  famine,  poor 
sanitation,  and  the  destruction  wrought  by  military  operations.  Mites 
are  sensitive  to  changes  in  humidity,  and  in  most  cases  the  incidence  of 
typhus  is  lower  in  the  dry  season. 

h.  Ticks 


Ticks,  like  lice,  may  be  involved  in  the.  transmission  of  typhus 
and  other  rickettsial  fevers.  There  are  two  species  of  ticks  common  to 
this  area  which  may  act  as  disease  transmitters.  Rhipicephalus  sanguineus , 
the  common  brown  dog  tick,  is  chiefly  found  in  or  near  human  settlements 
because  of  the  close  association  between  dog  and  man.  It  is  responsible 
for  tick-borne  typhus,  Indian  tick  typhus,  and  other  rickettsial  fevers. 
Haemaphysalis  spinigera  is  more  commonly  found  in  dense  evergreen  forests 
with  thick  undergrowth  and  an  annual  rainfall  of  more  than  80  inches;  it 
is  responsible  for  the  transmission  of  Kyasanur  forest  disease.  Both 
species  deposit  their  eggs  on  the  ground,  and  both  the  larvae  and  the 
adult  ticks  attach  themselves  to  whatever  host  is  available,  be  it  monkey, 
rat,  dog,  man,  or  other  animal.  Men  resting  directly  on  the  ground  are 
likely  to  pick  up  both  ticks  and  their  larvae,  thus  becoming  occidental 
hosts. 

i.  Other  Arthropods 

There  are  a  number  of  insects  and  other  arthropods  whose  bites  and 
stings  are  responsible  for  skin  inflammations.  These  include  numerous 
flies,  midges,  spiders,  centipedes,  bedbugs,  and  many  others.  While  such 
bites  and  stings  are  seldom  disabling  by  themselves,  they  may  easily  lead 
to  serious  skin  infections.  Common  to  the  Tonkin  Basin  and  northern  Laos 
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are  Pagderus  beetles,  whose  body  fluids  when  crushed  against  the  skin  may 
cause  painful  blisters. 

4.  Cultural  Environments  and  Associated  Harmful  Arthropods 

Throughout  Southeast  Asia,  regardless  of  the  physical  surroundings, 
there  are  large  numbers  of  harmful  insects  whose  distribution  tends  to  be 
closely  related  to  human  population  concentrations.  These  include  disease¬ 
carrying  flies;  head,  pubic,  and  body  lice;  bedbugs;  rat-infesting  fleas 
and  mites;  and  an  abundance  of  domestic  mosquitoes. 

a.  Cities  and  Large  Towns 

Urban  centers,  though  generally  less  bothered  by  harmful  insects 
than  rural  settings,  are,  nevertheless,  infested  by  a  number  of  disease¬ 
carrying  arthropods.  Probably  the  most  dangerous  of  these  are  the  species 
parasitic  on  rats  and  mice.  These  include  fleas  which  are  responsible  for 
outbreaks  of  plague,  and  mites  associated  with  epicemics  cf  typhus.  Heaviest 
infestations  of  rodents  and  their  parasitic  guests  are  found  in  and  around 
port  facilities,  railroad  depots,  warehouses  and  storage  centers,  and 
densely  crowded  residential  districts.  Non-biting  flies  are  everywhere, 
particularly  around  stables,  open  food  markets,  and  occupied  houses,  and 
they  are  especially  abundant  during  the  rainy  season.  The  so-called 
domestic  mosquitoes  are  numerous  wherever  there  are  uncontrolled  breeding 
sites.  Perhaps  the  most  Important  of  these  is  the  dengue  fever  carrier, 

Aedes  aegypti.  However,  species  capable  of  transmitting  malaria,  filariasis, 
and  Japanese  B  encephalitis  are  also  found.  Although  mosquitoes  common  to 
the  larger  cities  are  generally  among  the  less  infectious  carriers  of 
malaria,  serious  outbreaks  do  occur  from  time  to  time.  Body  lice,  respon¬ 
sible  for  occasional  outbreaks  of  typhus,  may  find  favorable  conditions 
in  the  crowded  slums  of  urban  centers,  particularly  during  the  cooler  part 
of  the  year. 

b.  Villages  and  Isolated  Rural  Settlements 

Harmful  insects  found  in  villages  and  rural  settlements  are 
generally  those  of  the  surrounding  country.  However,  the  mere  presence 
of  man  may  alter  drastically  the  distributions  that  might  be  expected  in 
the  completely  natural  state.  Mosquitoes  are  parti  :uiarly  abundant  around 
the  smaller  human  clusters  and  include  both  the  p -imarily  domestic  species 
as  well  as  species  which  feed  indiscriminantly  on  man  or  cattle.  Cattle 
sheds  located  between  breeding  grounds  and  human  habitations  may  serve  as 
effective  barriers;  for  this  method  to  be  effective,  houses  should  be 
located  at  least  200  yards  from  the  cattle  sheds.  Non-biting  flies  are 
greater  pests  in  the  more  rural  setting  than  in  towns  and  cities,  due  to 
the  fact  that  many  are  attracted  to  cattle  and  other  livestock  as  well  as 
to  man.  This  is  true  of  many  of  the  natural  vectors  of  myiasis,  yaws, 
and  bacterial  dysentery.  Sandflies  are  numerous  in  village  and  rural 
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homesteads,  because  their  favorite  breeding  grounds  are  on  bare  ground 
contaminated  with  decaying  organic  matter  such  as  is  found  in  the  vicinity 
of  houses  and  cattle  sheds.  One  species,  observed  in  the  former  French 
territory  of  Indochina  and  likely  found  in  other  areas,  is  a  vectoi  for 
kala  azar. 

Human  settlements,  whether  rural  or  urban,  generally  attract  numerous 
rats  and  mice,  and  the  parasitic  insects  associated  with  them.  Of  parti** 
cular  significance  in  rural  settlements  are  the  Trombiculid  mites  respon¬ 
sible  for  the  spread  of  scrub  typhus.  This  is  because  their  rodent  hosts 
are  principally  wild  rats,  which  are  seldom  found  in  or  around  cities  but 
commonly  infest  rural  areas  where  man  has  been.  An  unusually  high  inci¬ 
dence  is  associated  with  tall  savanna  grass,  and  recent  findings  indicate 
that  heavily  forested  areas  are  also  amply  endowed  with  this  pest.  Mites 
are  far  more  numerous  in  the  surface  litter  than  on  growing  vegetation,  and 
men  sprawling  on  the  ground  during  rest  are  likely  to  have  their  clothing 
infested.  While  the  incidence  of  plague  Is  generally  lower  in  rural  than 
in  urban  environments,  plague-carrying  fleas  such  as  Xenopsylla  cheopis 
are  common.  Ticks  are  numerous  in  all  parts  cf  Southeast  Asia,  but  they 
are  most  abundant  in  rural  areas..  Lice  are  comaon  everywhere. 

c.  Ricefields 


Extensive  portions  of  Southeast  Asia  are  used  for  cultivation  of 
rice.  Although  a  variety  of  arthropods,  including  gnats,  midges,  all  kinds 
of  flies.  «:leag.  mites,  and  ticks,  are  common,  mosquitoes  are  the  most 
serious  threat  to  the  health  of  man.  Among  the  myriads  of  mosquito  species 
there  are  several  which  are  disease  vectors,  and  a  number  of  these  are 
confined,  for  the  most  part,  to  the  ricefields.  These  include  Anopheles 
sinensis,  a  malaria  carrier  of  some  importance  in  both  Burma  and  Vietnam 
and  a  possible  vector  of  filariasis,  and  a  number  of  Culex  species  capable 
of  transmitting  Japanese  B  encephalitis.  Also  abundant  in  the  ricefields 
of  Southeast  Asia  are  Paederus  beetles,  whose  body  fluids  may  cause  blisters 
if  the  insect  is  crushed  on  the  skin.  These  become  a  problem  during  the 
months  of  May  and  September  when  they  are  most  likely  to  enter  houses. 

5.  Natural  Environments  and  Associated  Harmful  Arthropods 

a.  Brackish  Coastal  Margins 

Although  the  number  of  individual  •»  of  a  single  species  tends  to  be 
large,  the  number  of  species  adapted  to  the  brackish  coastal  margins  is 
limited.  Mosquitoes  are  probably  more  numerous  than  any  other  insect  group, 
and  the  individual  species  adapted  to  this  environment  include  important 
malaria  carriers  such  as  Anopheles  sundaicus  and  Anopheles  umbrosus.  the 
most  important  dengue  fever  carrier,  Acdes  aegypti,  and,  less  frequently, 
filariasis  carriers  of  the  genus  Mansonia.  Gnats  and  midges  are  numerous. 
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and  those  insects  parasitic  on  man,  such  as  fleas  and  lice,  may  become 
problems  if  preventive  measures  are  not  taken  by  individual  personnel. 

b.  Delta  Plains,  Coastal  Plains,  and  Flood  plains 

Practically  all  genera  of  harmful  arthropods  are  found  somewhere 
within  these  low-lying  areas.  Mosquitoes  are  abundant  everywhere,  but  the 
incidence  of  malaria  is  lower  than  at  higher  elevations.  This  is  because 
the  more  abundant  Anopheles  malaria  carrier  in  the  lowlands  tend  to  be 
zoophilic  (i.e.,  preferring  animals)  in  their  blood  feeding.  Mosquitoes 
capable  of  transmitting  both  filariasis  and  Japanese  B  encephalitis  are 
found  in  most  low  areas.  Mansonia  species,  considered  to  be  chiefly 
responsible  for  the  Wuchereria  malayi  variety  of  filariasis,  are  more  wide¬ 
spread  in  swamp  forests  aud  marshes.  Flies  and  fly-borne  diseases  such 
as  myiasis,  yews,  and  bacterial  dysentery  are  ubiquitous  in  areas  occupied 
by  man.  Trombicclid  mites,  responsible  for  scrub  typhus,  are  more  numerous 
in  rural  lowlands  than  anywhere  else  in  Southeast  Asia.  They  often  reach 
epidemic  stages  during  military  operations.  The  spread  cf  typhus  infec¬ 
tions  tends  to  follow  drainage  lines.  Rat  fleas,  which  are  carriers  of 
plague,  are  also  most  numerous  in  lowlands,  especially  in  or  near  cities. 
Non-biting  flies,  biting  flies,  ticks,  lice,  and  other  pests  are  found  ir. 
most  lcvlands.  The  land  leech,  a  blood -sucking  worm  of  widespread  occur¬ 
rence,  particularly  prevalent  in  the  rainforest,  is  a  pest  perhaps  more 
feared  than  any  of  the  insects.  In  marshes  or  swamps,  the  water  leech  may 
constitute  a  similar  problem.  Though  not  extraordinarily  painful,  the 
bite  of  the  leech  bleed3  profusely,  and  secondary  infections  associated 
with  it  may  be  disabling. 

Subhumid  localities,  as  in  central  Burma,  have  a  less  varied  insect 
fauna  than  humid  areas.  The  genera  t*::d  to  show  adaptations  to  the  more 
arid  conditions:  most  are  nocturnal,  and  many  have  heavy  waxy  external 
coatings  which  help  to  prevent  loss  of  body  fluids.  Mosquitoes  are  far 
less  numerous  in  arid  places  because  of  their  tendency  toward  excessive 
loss  of  body  moisture  through  respiration;  and  those  found  in  such  environ¬ 
ments  are  most  active  during  the  early  morning  hours  when  temperatures  are 
low.  Incidence  of  disease  caused  by  Trombiculid  mites  is  reduced  under 
arid  conditions  and  is  markedly  lower  during  the  dry  season.  Biting  and 
non-biting  flies  are  fairly  numerous,  as  are  ticks,  spiders,  and  scorpions. 

Tall  savanna  grasslands  have  the  greatest  abundance  and  variety  of 
insects  during  the  wet  season.  Rodents  serving  as  hosts  for  disease -carry¬ 
ing  insecis  find  good  harborage  in  such  areas.  Trombley  la  deliensis,  the 
chief  vector  for  scrub  typhus,  is  f  articular!-  abundant  here.  Mosquitoes 
are  most  numerous  in  the  savanna  during  the  rainy  season. 

c.  Elevated  Plains.  Low  Plateaus,  and  Foothills 

The  chief  distinction  between  the  harmful  insects  found  here  and 
those  of  the  lowlands  is  largely  in  verms  of  mcsqul toes.  The  more  common 
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species  found  In  these  areas  of  intermediate  elevation  Include  some  of  the 
more  virulent  malaria  carriers  in  Southeast  Asia,  such  as  Anopheles  minimus 
and  A.  levporiensis  candidiensis.  Both  are  abundant  in  foothills,  and  both 
favor  the  cool  water  of  slow-moving  permanent  streams. 

d.  Hills.  Mountains,  and  Dissected  Plateaus.. 

The  variety  of  harmful  insects  in  the  upland  areas  and  thuir  patterns 
of  distribution  are  limited  largely  by  exposure  and  elevation.  In  general, 
both  the  number  of  species  and  the  total  number  of  Individuals  tend  to 
decrease  with  increased  elevation  and  from  the  more  humid  windward  exposures 
toward  the  drier  leeward  sides.  Mosquitoes,  though  less  numerous  than  else¬ 
where,  are  found  as  high  as  8000  feet,  and  include  species  known  to  be  vec¬ 
tors  of  malaria,  filariasis,  and  dengue  fever.  Most  mountain  mosquitoes  are 
adapted  to  the  fresh,  moving  water  of  permanent  upland  streams.  Typhus - 
carrying  Trombiculid  mites  have  been  observed  at  elevations  up  to  8,000  feet, 
with  infections  reported  up  to  7,000  feet.  They  are  particularly  abundant 
in  the  northern  uplands  of  Burma.  Plague-carrying  rat  fleas  are  also  found 
in  the  uplands,  usually  in  conjunction  with  the  presence  of  sum.  Hosopsyllus 
faaclatus.  a  possible  vector  of  murine  typhus,  is  particularly  well  adapted 
to  the  relatively  cool  conditions  of  the  uplands. 

Figures  7-11  show  association  of  terrain  and  vegetation  patterns  with 
harmful  Insects. 
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table  u  harmful  iksects  o?  southeast  as  la  -  AygptgLiia  mosquitoes 


Species 


i».  aconltus 
Donitr 


hr  annularis 
Van  der  Vulp 


4*  balsbacensls 

Balsas 

(variant  of  A. 
leucospbrrus) 


A.  barblrostrls 
Van  der  Vulp 


hr  cullctfacles 
Giles 


A*  fluviatills 

Jaoas  . 


4.  lavnorlensls 

IMS 


Distribution 

Breeding  Situation 

Elevations 

Affinity  to  nan 

General 

Hose  frequently  breed-  in  rice- 
fields  and  fresb  water  ponds. 
Alto,  t-rigsifea  chc  nels, 
tanka  with  grassy  margins, 
creak  pools,  roadside  drains, 
and  river  beds.  Most  often 

In  riceflelds  just  before  har¬ 
vest  or  when  fallow. 

Kora  coamvn 
in  plains 
leading  to 
hills,  but 
found  at 
both  high 
and  lew 
elevations. 

Adults  fount  'n  ooth 
houses  and  ecu  slieda. 
Prefer  catcle.  but 
feed  on  m«n  in  the 
absence  of  cattle. 

Ceneral 

Prefer  still  watei  with  algal 
growth  and  floating  vegeta¬ 
tion.  Pound  In  slow  moving 
water,  but  not  preferred. 

Larvae  found  In  tanks,  swamps, 
riceflelds,  and  borrow  pits. 

Most  comae 
on  plaint, 
hut  may  he 
found  up  to 
7,000  feet. 

Greatest  frequency  in 
cattle  sheds,  but  also 
fairly  comae n  in 
bouses.  Considered 
basically  coophiiic, 
but  will  attack  man. 

On  occasion  In  tree  boles  and 
cut  bamboo. 


General 


General 


General 


Species  of  forest  and  forest 
fringe  crmmnnly  found  in  clear 
tracer  of  deenly  shaded  Jun¬ 
gle  pools,  but  also  found  to 
breed  In  open  sunlight  in 
bonb  craters,  wheel  ruts  and 
smal 1  poods.  Occasionally 
found  in  rock  holes  of  Moun¬ 
tain  streams. 

Prefer  shaded  water  with  emer- 
gent  vegetation.  Coeseon  In 
aarshy  forest  areas.  Kay  be 
found  In  fresh  and  stagnant 
water,  and  rarefy  in  brackish 
water.  Coeaeon  settings  in- 
dti:  grassy  forest  pools, 
springs  and  da  pools.  Irri¬ 
gation  ditches,  with  vege¬ 
tation  in  riceflelds,  swastps, 
borrow  pits,  and  artificial 
containers. 

Prefer  clean,  fresh  water. 
Found  in  sluggish  streams. 
Irrigation  channels,  rice- 
fields  (while  plants  sasll  or 
fields  In  fallow),  ornmsentsl 
water,  svinelng  pools,  and 
shallow  well*.  Occasionally 
in  brackish  water. 


northern 
section  from 
Indian  to  S. 
China  border. 


Prefers  clean  water  with  emer¬ 
gent  vegetation  In  open  sun¬ 
light,  such  at  foothill 
streaws,  springs.  Irrigation 
ditches,  lakes,  and  edges  of 
sumps.  Less  cc— on  in  rice- 
fields.  Moving  water  pre¬ 
ferred. 


Broad  ele- 

Though  generally 

vational 

classed  as  wild  mos¬ 

range. 

quito,  will  entar 

Pram  near 

houses  to  feed.  Most 

sea  level 

mrserous  in  areas  where 

to  more 
than  3,600 
feet. 

men  and  cattle  are. 

Broad  ele¬ 

Classed  as  wild  mos¬ 

vation 

quito  but  will  bite 

range. 

anywhere  at  night  and 

found  In 

In  shaded  situations 

both  plains 

during  the  day.  Prefers 

and  moun¬ 

animal  blood  to  that  of 

tain  streams. 

man.  Though  generally 
sore  in  houses.  In 

Malaya  no  preference 
shown  between  houses 
and  barns. 

Generally 

M^st  common  In  rural 

In  plains. 

setting.  Indifferent 

but  may  be 

a*  to  cattle  or  man  In 

found  up  to 

bisod  feeding.  Greatest 

7,500  feet. 

human  affinity  where 
cattle  scarce.  Bests 

In  cowsheds  and  bouses. 
Bltas  man  freely. 

Seldom  be¬ 

Breads  most  commonly  in 

low  1000 

imaedlate  vicinity  of 

feet  or 

human  dwellings.  Seem 

above  5,000. 

to  prefer  btaaan  blood 
to  that  of  cattle. 

ho tad  In 
Burma  and 
Indochina 


Prefer  moving  waters  of  slug¬ 
gish  streams  or  slow  flow  of 
rice  Irrigation.  Along  aarshy 
edges  of  takes  and  porid*. 


Proa  low-  Most  frequently  found  in 
lands  to  cattle  sheds,  but  aay  also 

elevations  of  enter  human  dwellings. 
6,000  feet. 


Diurnal  Peeking 

Patt*  n  Rest  Pattern 


Seasonal 

Distribution 


Plight 

Range 


Regin  to  feed  in 
early  evening. 
Kaxlaut  about 
midnight. 


Rest  outdoors, 
especially  along 
daa;  stress  banks 


Found  in  abundance 
after  rains.  No 
pronounced  season¬ 
ality  in  Southeast 
Aria,  but  heaviest 
in  Sovember  and 
lowest  in  Kay  and 
June. 


Capable  of 
good  flight, 
1,000  yards 
or  a ore. 


Begin  to  feed  in 
early  evening. 
Largely  completed 
by  11  p.m. 


Rest  along  over¬ 
hanging  stream 
oanks  and  in 
cattle  sheds.  At¬ 
tracted  to  arti¬ 
ficial  light  and 
oftei.  rest  near 
light  source. 


Found  throughout 
year.  .Greatest 
tendency  to  enter 
houses  during  au- 
ttasn.  Peak  in  num¬ 
bers  in  Ksy,  low 
during  cooler 
months. 


Capable  of 
long  flight. 
Up  to  1,000 
yds. 


Nocturnal  activity 
with  heaviest 
feeding  late  at 
night.  Hill  fead 
outdoor#  as  well 
as  in  houses. 


Cceaonly  along 
steep  stream 
banks  by  day. 
Those  which  have 
fed  in  houses  at 
night  may  rest  in 
houses  during  day. 


Numbers  fluctuate 
during  year.  Peak 
Sept,  to  Nov. 


Plight  range 
up  to  800 
yards. 


Principally  at 
night  but  may 
feed  in  shade 
during  day. 


Reet  by  day  in 
cool  dark  pieces, 
such  as  shaded 
s  treat  banka  and 
stone  walls. 


Continuous  through¬ 
out  year  with  fa¬ 
vorable  breeding 
sices.  Large  mem¬ 
bers  in  rlcefleids 
during  early  part 
of  season,  and  also 
numerous  as  paddy 
watar  stagnates. 


Relatively 
short  flight 
range. 

Rarely  more 
then  600 
yarns. 


Peed  largely 
between  9  p.m. 
end  2  a.  a. 


Rests  in  cow 
sheds  and  houses 
in  dark  corners. 


Greatest  incidence 
during  wet  monsoon, 
but  continuous 
throughout  year. 
Lowest  numbers  in 
tlx*  of  highest 
temperatures  in 
late  spring. 


Long  flight 
range,  one- 
hclf  to  one 
Bile. 


Host  take  blood 
meal  within  1  1/2 
hours  after  dur.fc. 
Enter  bouses  iu 
first  quarter  of 
night. 


Host  rest  outside 
along  steep, 
shaded  banks 
during  day. 


No  pronounced  sea¬ 
sonality  noted. 


Plight  range 
up  to  800 
yards. 


Nocturnal  feeder.  Rest  by  dty  in 

cattle  sheds,  or 
on  shaded  clay 
banks  of  stresas. 


Abundant  In  Arakan  Flight  rang? 

(Surma)  in  early  up  to  1,000 

part  of  year.  Most  yards, 

common  in  hill  sec¬ 
tions  from  Key 
through  September. 


Iaportanca  as  a 
Disease  Carrier 


Kalarla  carrier  of  secon¬ 
dary  importance  in  Indo¬ 
china.  Likely  a  carrier  in 
other  areas.  Possibly  in¬ 
volve  1  In  transmission  of 
filar las is  (Vuchererle  ben- 
crofti). 


Malarier  carrier  of  secon¬ 
dary  importance.  Possible 
carrier  of  fllariasis  CWu- 
chererla  bancroftl). 


Malaria  carrier  of  major 
importance  in  all  S.£.  Asia. 
Generally  aost  important 
carrier  in  areas  treated 
with  DDT. 


A  malaria  carrier  but  noted 
as  Important  in  Southeast 
Asia  only  when  occurring  in 
extremely  large  numbers. 
Possible  carrier  of  fllaria¬ 
sis  fWuchererla  bancroftl 
and  U.  aalavi) . 


Considered  a  carrier  of 
malaria  of  moderate  importance 
in  Thailand  and  Bursa. 


Considered  a  malaria  carrier 
of  Halted  importance  in  this 
area.  Responsible  for  occa¬ 
sional  intense  malaria  in 
areas  where  remind. 


Considered  a  malaria  carrier 
of  minor  importance  in  this 
area.  Possible  lnfector  of 
Wuchereria  bancroftl. 


TABLE  li 


H/&HPUL  INSECTS  Of  SOUTHEAST  ASL>  -  AKOfi-gUKE  HOSOL'ITOES  (Coni  'd) 


Specie* 


Distribution 


Breeding  SiCust'on 


Elsvetions 


Affinity  to  Kan 


h-  i£I22Ii- 

tavls  tend i - 
dienslt 
Koldzuml 

Noted  in 

3u»c , 
Indochina, 
and  Thai- 
’snd. 

Prefers  slow  moving  wster. 

Found  along  grassy  margins  of 
rtreams  and  rivers  in  irriga¬ 
tion  ditenee,  swamps,  rice- 
fields,  and  seepage  outlets. 
Especially  abundant  '.n  foot¬ 
hill  rivers. 

Foothill 
rivtrs  up 
to  mod¬ 
erate  up¬ 
land  eleva¬ 
tions. 

AntfarcpophiMc,  bu 
will  feed  readily  on 
cattle  and  other  ani¬ 
mals.  Often  found  In 
human  habitations. 

Donitt 

General 

Breed  in  small  muddy  pools, 
buffalo  wallows,  wheel  tracks, 
sewage  drains,  rice  fields, 
artificial  containers,  and 

swamps. 

Primarily 

lowland 

species. 

Usually  found  in  houses 
at  night,  but  more  fre¬ 
quently  in  cattlo  sheds. 
Seem  to  prefer  cattle 
to  r.ian. 

A.  letifer 
Sandosham 

Peninsular 
Thailand 
and  Malaysia 

Preference  for  dark  brown 
water  of  peat-filled  ponds. 

Cool  water  preferred.  Pound 
in  shaded  pools.  Will  not 
breed  in  stagnant  agricultural 
drains  and  brackish  coastal 
waters  when  fresh  water  situ¬ 
ations  not  available. 

Lowland 

species. 

Kay  attack  man  In  r haded 
areas  during  the  day ;  and 
will  enter  houses  for 
blood  meal  at  night. 

A.  aaculatus 
Theobald 

General 

Prefers  water  open  to  sky.  A 
sun-loving  species.  Abundant 
in  water  with  mats  of  grass 
roots  and  green  slgae.  Found 
i.s  streams  and  river  beds  with 
preference  for  seepage  rivers. 
Pound  in  clear'd  hilly  areas 
and  not  in  hill  Jungle .  Noted 

Generally 
an  upland 
species. 
Pound  at 
elevations 
from  3,000 
to  8,000 
feet. 

7 — von  in  houses  at 
night  but  not  in  day¬ 
time.  Peeds  with  equal 
vigor  on  man  or  cattle. 
Human  affinity  in  part 
dependent  epon  the  num¬ 
ber  of  cattle  present. 

in  fast  flowing  streams  in 
Burma. 


4.  minimus  General 

Theobald 


Two  distinct  breeding  situa¬ 
tions  varying  with  seasons. 
During  dry  season  in  edges  of 
permanent  waters  such  as 
rivers,  streams ,  and  spring- 
fed  wells.  During  wet  season 
found  in  slow-moving  but  pro¬ 
tected  water  of  irrigation 
ditches  and  drains  of  all 
sorts.  Prefer  clean,  unpollu¬ 
ted  water,  generally  slow- 
moving  with  grassy  edges.  Sel¬ 
dom  in  rice  fields. 


Chiefly  in 
foothills, 
hills,  and 
mountains. 
Breeds  at 
elevations 
up  to  5,000 
feet,  la 
Tonkin,  inci¬ 
dence  of 
malaria  asso¬ 
ciated  with 
minimus  noted 
to  increase 
from  undula¬ 
ting  plains 
upward  to  low 
mountains. 


Strong  preference  for 
human  blood.  Chiefly 
found  in  houses,  best 
outside  by  dsy  only 
when  woods  reach  close 
to  houses.  Even  heavy 
rains  will  not  prevent 
minimus  from  seeking  hosts. 


4.  niaerriaus  General 
Giles 


Shade  loving  species.  Prefer  Gecerslly  a 

bodies  of  water  covered  with  lowland 

vegstaclon.  Svfcjp* ,  fish  species, 

ponds,  borrow  pits,  heavily 
vegatated  tanka,  edgas  of 
alow  moving  streams ,  and  rice 
fields  are  common  sites.  Occa¬ 
sionally  in  brackish  water. 


Prefer  cattle  to  man. 
Rsrsly  found  in  houses, 
Hill  bite  man  outdoors  in 
evening,  and  in  shade 
daring  day.  Considered  a 
wild  species.  Kan  no:  a 
primary  host. 


Dlum*.  ?<s*din5 

Pattern  Rett  Pattern 


Seasonal  Plight 

Diatriouticn  Range 


Kocturnal  feeder, 
usually  starting 
about  two  boors 
after  sundown. 


Rett  outside  k or 
•oat  part.  Seldom 
lu  human  dwell¬ 
ings. 


Most  numerous  dor-  Plight  tenge 
log  first  hslf  c£  up  to  one" 
year  in  Burma.  Asso  •  'elf  mile, 
elated  with  pre- 
mousoou  rains  in 
ixakan. 


Largely  nocturnal 
but  may  feed  at 
any  time. 


Rest  outside  on 
shaded  stone  walla 
and  banka.  May 
reat  in  atablea 
and  houses. 


Active  all  year 
ovai  much  of  area. 
Greatest  makers 
in  rainy  season. 


Rot  known. 


Generally  noc¬ 
turnal  feeder. 


Reat  ctitdoore  dur 
lug  day,  usually 
in  denae  shade. 


Heaviest  c  ocean- 
trfitlon  during 
rainy  months. 


Plight  range 
not  known. 


Blood  meals 
largely  between 
9  p.a.  and  2  a.a. 


Rest  after  2  a.a. 
through  deytime 
hours,  largely 
along  stream 
banka.  Seldom 
reat  in  houses. 


Continuous  through¬ 
out  the  year.  Maxl- 
aua  breeding  times 
in  Malaysia  in 
March  and  Septem¬ 
ber.  Hell  adapted 
to  dry  season. 


Plight  range 
sure  than 
one-half 
mile. 


901  of  blood 
feeding  takes 
place  after  mid¬ 
night.  Very 
little  activity 
during  first  2-3 
hours  after  sun¬ 
down. 


Res*  in  daytime 
in  dark  houses 
and  huts— usu¬ 
ally  on  dark 
floors  or  under 
beds  or  cots  in 
lower  half  of 
room.  May  reat 
outside  only 
when  woods  roach 
near  honsec. 


Infections  scat¬ 
tered  throughout 
year.  Highest 
figures  In  June, 
January,  October, 
and  December  in 
Indochina.  Periods 
between  rains  in 
Burma. 


Usually  a 
flight  ave¬ 
rage  less 
than  one- 
half  mile. 


Anytime  during 
evening,  or  in 
shade  during  day. 
Prefer  cattle  to 
human  blood. 


Rest  by  day, 
usually  in  well 
shaded  situations. 


Highest  incidence 
in  Maleya  August 
to  October. 


Rot  com¬ 
pletely 
known. 


Importance  as  a 
Disease  Carrier 


Important  malaria  carrier 
in  Arafcso,  along  Burma- 
Bengal  border.  Considered 
second  in  importance  only 
to  minima*  in  1-iocbln*. 
Also  carrier  of  Wucher- 
cria  bancroftl. 

3a rurally  infected  with 

malaria. 


An  important  carrier  of 
malaria  la  Malaysia.  Also 
noted  as  carrier  of  filar- 
lari*  .rfucharerla  bancroftl 
and  Wuchereria  malavlV 


A  malaria  carrier  of  major 
Importance  in  Indochina 
only  during  epidemic  periods. 
Considered  a  minor  carrier 
in  Burma.  A  vector  of  impor¬ 
tance  in  hilly  areas  of 
Malaysia.  Naturally  and  exparl- 
men tally  infected  with  Vou¬ 
cher  aria  bancroftl. 


Considered  the  moat  danger¬ 
ous  malaria  carrier  in 
Southeast  Asia,  due  partly 
to  domestic  habits  and  pre¬ 
ference  for  human  blood.  Long- 
lived  species.  Possible  infac.- 
tor  of  fllsrtesls  ftfuchereria 
baacroftil 


Natural  infect**?  of  malaria 
in  Indochina  Kalaysit. 
Possible  host  fer  fllariaata 
flfrchererla  ban-,fogtt>. 


TAS1X  X :  nARKP 

•L  INSERTS  0?  ^ CUT -EAST  ASIA  -  ANOP.IELINE  KOSVJIT 

OSS  (Cont  '<jj 

Species 

Distribution 

Breeding  Situation 

Elevations 

A.  sinensis 
Wiedemann 

General 

Clean  water  with  emergent  vege¬ 
tation  preferred.  Basically 
a  rice  field  mosquito.  Found 
in  rice  fields,  Inked  swamps, 
borrow  pits,  grassy  pools, 
irrigation  ditches,  shallow 
wells,  road  drains,  cisterns, 
and  rarely  in  brackish  water. 
Unshaded  situations  preferred. 

Apparently  a 
wide  eleva¬ 
tion  range. 
Abundant  in 
tootfcil .3. 

A,  stephensi 
I.iston 

Noted  in 
5uros, 
Indochina, 
s  .d  Malay- 
s  a. 

Prefers  sunlit  breeding  sites. 
In  urban  situations  breeds  in 
artificial  containers  such  as 
wells,  cistt.ns,  fountains, 
tanks,  tubs,  cellars,  reser¬ 
voirs,  gutters,  tin  cans,  hol¬ 
lows  of  machinery,  etc.  In 
rural  areas  in  pools,  streams, 
seepage  banks,  and  1  ■jv- 
aovlng  irrigation  chan.vs i s . 

Apparently  o 
bread  ele- 
vational 
range. 

A.  subpictus 
indef initus 
(Ludlow) 

Noted  in 
Indochina 

Prefers  clean,  unskeded  rVesh 
water  pools,  rivers,  stream*., 
flowing  irrigation  channels, 
lakes,  and  wells.  Rare.y  but 
on  occasion  in  brackish  water. 
Ideal  sites  with  duckweed  anc 
other  aquatic  herbs. 

Generally 
lowlanc 
species. 
Coastal  mar¬ 
gins  and 
river  flood 
plains. 

A.  sundaicus 
(Rode-waldt) 

Coastal  and 
lowland 
areas  of 

S.E.  Asia 

Prefers  mildly  saline  water  in 
presence  of  algae.  Favorite 
sites  behind  embankments  whi^h 
protect  ricefieids  from  the 
sea,  or  where  mangrove  has 
beer,  cleared.  Also,  where 
lagoons  .separated  from  sea  by 
silting  up  of  river  mouths. 

May  breed  in  waters  polluted 
with  sewage.  Prefers  sunlit 
sites. 

Genera  1 lv 
near  tide¬ 
water  mar¬ 
gins.  How¬ 
ever  ,  a 
fresh  water 
form  of 
species  has 
been  found 
as  high  as 
3,200  feet. 

A.  nmbrosus 
(Theobald) 

General 

Prefers  slow  moving  water  in 
virgin  jungle,  usually  in 
dense  shade.  Brown,  peaty 
stagnant  pools,  water  pockets 
along  tree  roots,  springs, 
deep  lakes,  and  strongly 
brackish  water  used  for  breed¬ 
ing  sites.  Sun-fearing  species. 

Generally 
low  eleva¬ 
tions. 

Coastal 
plains 
ad joining 
hills  ere 
common  sites. 
Also  reported 
in  hill  aresr- 

Affinity  to  Han 


Hore  frequent  in  cattle 
sheds,  but  also  in  houses. 
I'll  1  b;te  can  at  night  end 
in  shade  by  day. 


Feeds  freely  on  nan 
(one  of  chief  carriers 
in  urban  centers  of 
India). 


Frequent  houses  at 
r.igiif.  Generally  prefer 
anitftai  blood  but  feeds 
readily  on  nan. 


Voracious  feeders,  round 
in  houses  and  cattle  ^htJs. 
Generally  scribed  a:, 
true  house  mosquito. 


Most  found  in  shaded 
forest  or  jungle1,  but  nay 
enter  houses  yiebio  this 
setting.  Fierce  b iters. 
Kay  bite  man  in  houses  or 
in  dense  forest. 


Diurnal  Feeding 
Pattern 


Move  to  feeding 
sites  all  through 
the  night.  In 
houaea  moat  nua- 
eroua  froat  10*12 
p.=. 


nocturnal  feeder, 
•oat  active  juat 
before  midnight. 


nocturnal  feeder. 


Bitea  sen  bj  day 
aa  well  aa  at 

eight.  Tending 
to  feed  on  man 
even  In  the  pre¬ 
sence  of  cattle. 


Feed  at  night 
largely  on  ani¬ 
mals.  In  houaea 
It  attack* 
boldly,  even 
under  lighta. 
Maximus  blood 
reeding  between 
10  p.m.  end  2  s.«» 


Beat  Pattern 

Seasonal 

Distribution 

Plight 

Range 

Beat  Inside 
bouses  and  out- 
alda.  Laavv 
feeding  sites 
near  dawn. 

Relatively  meet 
Important  at  rica 
harvest  time.  Occur 
throughout  the  year. 

Plight  range 
up  U  1.600 
yards. 

Bast  Inslda  by 
day  in  nmall 
dark  crevices, 
cresset  of 
clothing,  etc. 

Breeds  throughout 
yaar.  Moat  abun¬ 
dant  whan  rainfall 
fairly  heavy  and 
relative  humidity 
la  high.  Late 
winter  and  spring 
thou  lower  Infec¬ 
tion  rates. 

Strong 
fliers  - 
may  travel 
up  to  3 
miles. 

Beat  In  all  types 
of  shaltara— cow 
a bed a,  houses, 
buses,  trsln*, 
ships,  etc. 

No  real  predicta¬ 
bility  from  year 
to  yaar.  Mott  fre¬ 
quent  malar lal 
infections  In 
spring  and  aut¬ 
umn. 

Strong 
filers. 
Numerous 
flights 
noted  of 

o%a  one 
mile. 

Best  by  day  in 
houses,  usually 
in  room  in  which 
they  have  fad. 

Ho  real  predicta¬ 
bility  from  year 
to  year.  Mott  fre¬ 
quent  malarial  In¬ 
fections  in  spring 
and  autumn. 

Strong 
fliers  - 
often  over 
one  mile. 

Beat  is  jungle 
vegetation  mar 
breeding  alter. 

Little  seasonality 
of  occurrence. 

August  to  December 

rl.ght  renge 
of  about 
1,000  yards. 

In  Heleyale. 


Importance  as  a 
Disease  Carrier 


Minor  malaria  carrier  tr.  North 
Vietn*!.  Chief  carrier  in  two 
Hiaoi  epidemic#.  A  carrier  of 
moderate  importance  in  Curse. 
Possible  developmental  host  for 
fllarlasls  (Wucheierta  bancroftl 
and  Huchererta  malayl) .  Posjible 
carrier  of  Japanese  b  encepha¬ 
litis. 

Hot  considered  to  bt>  an  Impor¬ 
tant  malaria  carrier  In  Southeast 
Asia  realm.  Naturally  infected 
wit'i  Huchereria  bancroftl. 


Carrier  of  eecondrry  Importance 
In  Indochinese  ares.  Possible 
carrier  of  filarlaeia  fWuchererla 
bancroftl). 


Chief  malaria  carrier  in  coactal 
situations  In  Southeast  Asia. 
Generally  considered  second  ;o 
A.  minimus  In  all  of  Southeast 
Asia.  Possible  infector  of 
fllarlasls  (Mucoererla  bancroftl). 


Malaria  carrier.  Not  highly 
infectious,  but  rslctiv*  abun¬ 
dance  and  longevity  add  to 
danger.  Especially  important 
along  i*»  coast  of  Malaya. 
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TABLE  II:  -AA&ivCl  INSECTS  OF  SO'JTHEAST  ASIA  -  MOSQUITOES  OTHER  THAS  AKOPHELIKE 


Species 

Distribution 

Breeding  situation 

Elevations 

Affinity  to  man 

ergyp*1 

(Linnaeus) 

General 

Called  mosquito  of  seaports, 
closely  associated  with  human 
settlements.  Breeds  in  all 
artificial  cuilcotinns  of 
water,  such  as  rain  barrels, 
tanks,  cisterns,  tin  cans, 
urns,  and  coconut  shells. 

Also  in  tree  holes,  plant 
leaves  and  axils.  May  breed 
in  fresh,  chlorinated  or 
brackish  water,  though  fresh 
water  preferred.  Often 
breeds  Inside  houses. 

Most  common 
on  coastal 
plain,  but 

.1  -  -  £ • 

at«u  s  vuilw 

up  to  10,000 
feet. 

Considered  most  domestic 
uf  mosquitoes.  Usually 
found  within  1500  feet 
uf  human  habitation. 

Attacks  under  cover, 
ankles,  back  of  neck, 
under  blankets.  Most 
common  along  communications 
lines. 

Aedes 

albopictus 

(Skuse) 

General 

Commonly  found  to  breed  in 
artificial  collections  of 
water  near  man.  Also  found 
in  tree  holes,  rock  holes, 
cut  bamboo,  leaf  axils,  and 
coconut  shells. 

Broad  range. 
From  coastal 
lowlands  up 
to  6,000 
feet. 

Strongly  anthropophilic 
but  prefer  to  bite  out¬ 
doors.  Will  enter  home 
freely  for  blood  meal. 

Culex 

blraenlo- 

rhrnchus 

(Giles) 

General 

Sites  with  clear  water  in 
presence  of  filamentous  green 
algae  preferred.  Paddy  fields, 
agricultural  drains,  ponds, 
small  lakes  and  pools,  and 
along  margins  of  mountain 
streams. 

Most  wide¬ 
spread  in 
foothill  a, 
often  in 
association 
with  Anooheles 
minimus. 

Broad  eleva¬ 
tion  range. 

Enters  houses  and  readily 
feeds  on  man.  Will  hits 
in  or  out  of  dwellings. 

Culex 

fatlRSns 

Wiedemann 

General 

Larvae  usually  found  near 
human  habitation,  in  drains, 
cesspools,  latrines,  shal¬ 
low  wells,  ditches,  and 
almost  any  ether  open  water. 

Can  survive  a  high  degree  of 
salinity. 

Broad  eleva¬ 
tion  range 

Strongly  attracted  to  man. 
Peed  actively  only  at  night. 
Enter  houses.  Kxtxtmly 
abundant  in  most  areas. 

Culex 

RClidus 

Theobald 
(Gel less) 

Indochina, 
Burma,  Thai¬ 
land,  S 

Breeds  In  ground  pools  with 
weeds,  aarshy  tracts,  swamps, 
and  other  natural  collections 
of  voter.  Also  reported  In 
rice  fields  and  obstructed 
drains. 

Sot  noted. 

Enters  houses,  vicious 
biter. 

Cu'ex 

tritaenio- 

rhynchuj 

(Giles) 

Thailand, 
Burma,  and 
Indochina. 

Generally  a  marsh  mosquito, 
abundantly  found  in  marshes, 
swamps  and  poorly  drained 
flood  plains.  Also  in  rice 
fielda  and  ground  pools. 

Broad  eleva¬ 
tion  range. 

Readily  enters  houses  during 
evening  hours.  Feeds  india- 
crlmlnantly  on  sum  a»d  larger 
■natal s. 

Hansonla 

annullfera 

(Theobald) 

General 

Comcmly  found  in  fresh  water 
pools,  ponde,  marshes,  and 
backwaters.  Often  in  water 
fouled  by  coconut  husks. 

Elevatlonal 
range  not 
known. 

Strongly  anthropophilic. 

Found  in  houses  at  night. 

hansonia 

dives 

(Schlner) 

Burma, 
Thailand, 
and  Indo¬ 
china 

Fresh  water  ponds,  pools, 
breakwater  tvcaps  and  mar  shea, 
commonly  is  associated  with 
emergent  vegetation. 

Elevatlonal 
range  not 
known. 

Enters  houses  and  feeds  on 
man. 

Kousonla 

Imvaipalpic 

(Van  der  Wuip) 

Buissa, 
Thailand 
and  Malaysia 

Swamp  breeder,  larvae  often 
attached  to  roots  of  swamp 
trees.  Often  found  ot>  banks 
near  rice  fields  and  in  ponds. 

Sot  know. 

Femalas  generally  anthro¬ 
pophilic. 

Diurnal  Feeding 
Pattern 


Seat  Pattern 


Seasonal 

Distribution 


Flight 

Range 


Importance  aa  a 
Disease  Carrier 


Bitea  day  and 
night.  femclcs 
muat  secure 
blood  meal  imme¬ 
diately  after 
meting.  Most 
active  morning 
end  evening 
houre.  Will  not 
feed  in  complete 

darkness. 

Rest  inside 
houses  on  dsrk 
clothing,  usu¬ 
ally  in  sleep¬ 
ing  quarters. 

May  be  active 
at  any  time. 

Tsahu  in  all  stages 
of  development 
throughout  the 
y*er. 

Short 

flights  ere 
character¬ 
istic. 
Rarely 

found  far 
from  place 
of  origin. 

Bite  outdoors 
end  most  fre¬ 
quently  during 
twilight  houre. 

Do  not  bite  at 
night. 

Rest  most  fre¬ 
quently  in  wood¬ 
land.  teat  more 
at  night  than  in 
d«y. 

Not  specifically 
noted. 

Short 
flight 
range,  usu¬ 
ally  no 
more  than 

200  yards. 

Generally  noc¬ 
turnal.  Rerely 
during  day. 

Females  raat  In 
housaa  during 
day. 

Seasonality  of 
occurrence  not 
known. 

Flight 
range  not 
known. 

Nocturnal  feeder. 

Rest  in  build¬ 
ings  during  day. 

Found  all  year 
over  most  of  area. 
Highest  incidence 
in  Malaya  in  March 
and  December. 

hong  f  light 
range  -  3 
to  6  miles. 

Hot  known. 

Not  known. 

Active  throughout 
much  of  year; 
heaviest  concen¬ 
trations  in  wet 
season. 

Not  known. 

Feeds  at  any 
time  during 
night.  Infre¬ 
quently  during 
d«7. 

Generally  raat 
Indoors  by  day. 

Creataat  frequency 
of  disease  at  end 
of  wee  season. 

Flight 
reage  not 
known. 

Generally  a 
nocturnal  feeder. 

Rest  pa  teem  not 
known. 

Seasonality  not 
known. 

Flight 
range  not 
known. 

Feeding  pattern 
not  noted. 

• 

Rest  pattern  un- 
known. 

Seasonality  not 
known. 

Flight 
range  not 
known. 

May  feed  day  or 
night. 

Not  known. 

Not  known. 

long  flight 
range. 

Chief  carrier  of  dengue 
fever  in  all  areas. 
Principal  carrier  of 
yellow  fever  vhsrever 
disease  occurs.  Possibly 
a  carrier  of  filariasis. 
Infector  of  chiVungunya, 


Possible  carrier  of  Japanese 
B  encephalitis,  and  carrier 
of  dengue  fever  where  disease 
present.  Capable  of  trans¬ 
mitting  yellow  fever  and  possl- 
bly  filariasis  and  chlkungunya. 

Carrier  of  filariaais  (Wuche- 
rerla  bancrofti). 


Carrier  of  Wucheria  bancrofti  . 


naturally  Infected  with  Wuche- 
r^rf*  • iiUXi.  and  Wuchereria 
bancrofti.  Suspected  carrier 
of  Japanese  8  encephalitis. 


Generally  regarded  as  the  prin¬ 
cipal  carrier  of  Japanese  B 
encephalitis.  Reservoir  hoata 
are  likely  birds. 


Probably  the  moat  important  carrier 
of  Jfocherla  malarl  (filarieaia)  in 
Far  East. 


Carrier  of  Wuchararla  malarl 
(filariasis). 


Most  important  carrier  of  tfueba- 
zsrlii  Mlayj  in  Malaya. 


Hanionla 

unifonals 


(Theobald) 


Burma,  Indo-  Comaonly  found  in  pools.  Open  Elevational 

china,  and  terrain  preferred  over  forest.  range  not 

Thailand.  Found  rarely  in  mangrove  known. 

svaaps . 


Generally  snthropophilic. 
Found  in  houses  and  out* 
side  around  stables  where 
cattle  and  horses  are  ..ept 
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Diurnal  Feeding 
Pattern 


Rest  Pattern 


Seasonal 

Distribution 


Flight  Importance  as  a 

Range  Disease  Carrier 


May  bite  cay  or 
night  in  houses 
or  outside,  but 
cost  often  consi¬ 
dered  a  nocturnal 
feeder  -  shortly 
after  tiusk. 


Rest  aaong  low- 
grov-ing  plants  by 
day. 


Seasonality  not 
know. 


Long  fliglit  Important  carrier  of  Wuchereria 

range.  ma lay i  (fi lariasis) , 


i 


I 


I 


Species 


General 

Distribution 


Breeding  S'tuatlon  and/or 
environmental  Adaptation 


Elevations  Found 


Aphiochaeta 
scalarls 
Heigen 
flesh  fly 


.Malaysia 


Lay  eggs  In  cuts  and  sore:. 


Kot  known. 


General 


bezzlana 
Vllleneuve 
non-biting  fly 


oegacephala 
(Fabricius) 
•ion-biting  fly 
"Oriental  blue 
bottle” 


Indochina 
and  Burma. 
Likely  In 
other  adja¬ 
cent  areas. 


Deposits  eggs  only  In  infections  of  live  tissue.  Broad  elevation  range. 
Occurs  In  vicinity  of  cattle  and  other  mftnaals. 

Feed  on  fresh  cow  dung,  flowers,  and  honey  dew. 

Eggs  glued  to  dry  skin  over  bruises  or  abscesses. 

Occasionally  In  places  soiled  by  excrement  or 
blood  from  wounds.  After  hatching  larvae  feed 
near  skin  surface  for  a  time  and  then  burrow  deeply 
into  living  tissue. 

Commonly  breeds  in  decomposing  animal  matter,  par-  Apparently  broad  eleva- 
ticularly  the  dead  bodies  of  aninals.  Rarely  tlonal  range, 

deposits  eggs  in  diseased  live  animal  tissue.  May 
deposit  eggs  in  other  food  stuff. 


Husca  sorbens 
Wiedemann 
Close  relative 
of  common  house 
fly. 

Phlebotcous 
Argentines 
Annandale  and 
Brunet ti 
sand  fly 


Noted  in 
Indochina 
and  likely 
found  in 
other 


Eggs  deposited  in  horse,  cow,  or  human  feces, 
especially  in  single  deposits.  Conaonly  found 
on  cattle  or  horses  far  from  human  dwelling.',. 


Appears  capable  of  breeding  uherever  there  is 
unprotected  soil  high  in  organic  matter.  Conta¬ 
minated  ground  within  20  yards  or  so  of  dwellings, 
or  cacti*  sheds.  Favorite  haunts  of  adults  are 
badly  lit  rattle  sheds  and  stables,  or  bathrooms 
of  houses.  Generally  seek  to  avoid  wind,  sun,  and 
full  daylight. 


Broad  range. 


Vara  moist  climate  up 
to  4,000  feet. 


Sarccobaga 
fuscicauda 
Bottcher  or 
S. peregrine 
Robineau- 
Desvoidy 
"flesh  fly" 

Sarcophaga 
ruf icornls 
Fabricius 
non-biting  fly 


Indochina 
and  Burma. 
Likely  in 
adjacent 


General 


Breeds  in  wide  variety  of  substances  inducing 
meat  and  human  excrement.  Closely  associated 
with  man.  Species  oviparous,  female  giving 
birth  to  fairly  large  and  active  larvae. 


Oviparous,  female  giving  birth  to  active  larvae. 
Normally  deposited  or,  carrion,  excrement,  and  on 
slightly  tainted  seat,  and  possibly  on  diseased 
body  tissues. 


Apparently  broad  range. 


Unknown 

range. 


likely  broad 


Kosopsyllus  Indochina  Parasitic  on  vertebrate  hosts,  chiefly  rats  and 

fasclatus  and  Ihai-  nice.  Found  in  situations  attractive  to  rats 

Bose  d 'Antic  land,  and  nice.  Seem  to  be  favored  by  relatively  cool 

flea  conditions. 


At  variable  elrvations. 


Pulex  irrltans  General  Sreccj  freely  in  all  situations  occupied  by  man. 

Linnaeus  "olerant  of  wide  range  of  envlro mental  condi- 

flca  dons.  Man  primary  host,  but  found  on  Cogs, 

squirrel:,  and  other  animals.  Deposit  eggs  in 
doming,  on  bees,  and  in  cracks  of  floors. 


Found  essentially  every¬ 
where  can  found.  Cocatrn 
in  both  plains  and  moun¬ 
tains. 


f.ffiritv  to  Hon 


ieasonality  of 
Occurrence 


Mean*  of 
Transmission 


Role  as 

Disease  Carrier 


Sot  known. 


Sot  known. 


Infect  by  depositing  larvae  Infector  of  cyiasif. 
in  open  wounds  and  cuts. 


riles  attracted  to  any  dis- 
ciiarge  froa  infection.  In¬ 
flamed  eyes  a  common  point 
of  attack.  Cattle  chief 
host.  Not  commonly  found 
in  houses. 


Common  market  place  fly, 
especially  on  meats  and 
sweets. 


Common  household  and  bazaar 
fly.  Often  settles  around 
eyes  of  children,  feeding 
on  eye  discharge. 


Little  season¬ 
ality  in  wars 
moist  areas. 

Areas  with  cool 
seasons  will  have 
reduction  in  in¬ 
fection  during 
cool  period. 

Seasonally  pro¬ 
nounced  only 
where  there  is  a 
distinct  cool 


Llnited  to  wars 
season  where 
there  is  a  marked 
cool  season. 


Direct  infection  by  deposi¬ 
tion  of  eggs  on  human  host. 
Eyes  chief  point  of  attack 
but  found  on  almost  every 
part  of  human  body  -  sinuses, 
ears,  nasal  cavities,  genital 
and  rectal  areas. 


Chief  infector  of  myiasis. 
Appears  to  be  a  major  prob¬ 
lem  in  all  areas  of  reported 
incidence. 


Direct  infection  by  depot!-  Infector  of  secondary  impor¬ 
ting  larvae  on  human  host.  tance  of  myiasis.  Mechanical 

Affect  eyes  primarily,  but  carrier  of  bacterial  dysentery, 

also  found  in  genital  areas, 
nasal  cavities,  sinuses,  ears, 
and  rectal  areas. 

Eggs  deposited  on  or  near  Agent  of  Importance  in  intes- 
lnfected  part  of  hus—r.  body,  tlnal  and  eye  infections, 
or  on  food  leter  eaten  by  A  possible  Infector  of  yaws, 
sten. 


Feed  on  cattle  when  pre¬ 
sent — turn  to  man  as  alter¬ 
native.  Generally  inactive 
during  day —but  may  bite  at 
any  time.  Often  rest  in 
houses  beh’nd  pictures, 
clothing  or  in  derk  comers 
of  ;ccas.  Ankles  are  a 
favorite  point  of  attack. 

Canon  in  and  around  house¬ 
holds. 


Seasonality  not 
known  in  this 


Not  known. 


Infects  by  biting  man  and 
depositing  parasite  in  skin, 
or  more  likely  by  crushing 
Infected  Insect  on  akin. 

Bite  la  quite  painful. 


Infect  by  depositing  larvae 
in  food  eaten  by  man. 


Chief  carrier  of  kala  azar 
fLelshmanla  donoyanl). 


Infector  of  intestinal  siyiasis 
of  minor  importance. 


Common  around  human  settle¬ 
ments. 


Not  known. 


lofcct  by  directly  deposi¬ 
ting  larvae  on  diseased 
tissue,  or  by  infecting 
human  food. 


Associated  with  dermal  myiasis. 
Also  reported  for  Intestinal 
myiasis. 


Readily  attack  man  is  lieu 
of  natural  heat.  In  houses 
at  higher  elevations. 


Feeds  voraciously  on  man. 
Follow  human  distribution 
pattern  -  known  as  the 
human  flea.  Rest  by  day 
in  rugs,  bedding,  cracks  of 
floors,  etc. 


Sot  known. 


No  apparent  sea¬ 
sonality. 


Infects  by  biting  man  after 
being  infected  by  host 
carrier. 


Infects  by  biting. 


Plague  carrier.  One  of  chief 
agents  for  maintaining  plague 
in  nature.  Possibly  infector 
for  murine  typhus. 

Likely  a  plague  carrier  wherever 
abundant.  Naturally  Infected 
with  typhus. 


Species 


General 

Distribution 


Breeding  Situation  and/or 
Environmental  Adaptation 


Elevations  Found 


Xenopsvlla 

astla 

Rothschild 

flea 


Ceneral 


Ceneral 


Parasitic  on  vertebrate  ho;  .  Chief  hosts  are 
Rattus  rattus.  Rattus  concoior.  and  Rattus  norve- 
gicus.  Pound  in  all  situations  attracting  rats 
such  as  grain  stores,  warehouses,  ports,  and 
ships.  Most  numerous  along  communications  lines. 
More  frequent  on  ground  floor  levels  in  closely 
spaced  housing. 


Most  outbreaks  in  lowland 
sites,  likely  not  due  to 
fact  that  elevation  in  it¬ 
self  is  limiting  factor. 


Parasitic  on  vertebrate  host.  Major  infestations 
associated  with  rats.  Chief  carriers  Include 
Rattus  rattus.  Rattus  concoior .  and  Rattus  norve- 
gicus.  Found  in  all  situations  attractive  to 
rats.  Infestations  appear  to  rollow  river  and 
rail  connections.  Host  anitu'  >it  have  easy 
communications  with  outside. 


Most  major  outbreak; 
associated  with  grain 
stores,  ships,  and  ports, 
and  most  of  these  at 
low  elevations.  Pro¬ 
bably  not  a  limiting 
factor. 


Pedicvlus  Pound  Inhabit  man's  underclothing,  seek  body  only  to  Extremely  broad. 

huaonus  almost  feed.  Eggs  deposited  in  clothing,  not  on  bed- 

cor ports  every-  ding.  Neck  and  armpits  conacn  sites.  Thrive 

Linnaeus  where  man  under  conditions  of  human  misery,  .rovding, 

common  body  louse  found.  lack  of  fuel  and  poor  bathing  facilities.  Human 

blood  the  only  foci.  Hot  a  serious  pest  in 
Southeast  Asia  because  of  prevailingly  vans 
climatic  conditions. 


Affinity  to  Man 


Seasonal lty  of 
Occurrence 


Means  of 
Transmission 


Role  as 

Disease  Carr  Ler 


Affinity  of  carrier  to  man  Highest  incidence  Depends  in  part  on  temper- 

affects  relationship  of  flea  during  dry  season,  ature  and  humidity,  and  lm- 

to  man.  Towns  and  cities  Peak  from  March  pact  of  these  on  body  mols- 

most  affected.  through  June  In  ture.  Appear  to  Infest  man 

South  Asia.  more  during  dry  season. 


Carrier  of  secondary  impor¬ 
tance  of  bubonic  and  mu i ine 
plague.  Suggested  vector 
of  typhus. 


Relates  to  affinity  of  Highest  Incidence  Transfer  from  ratt  to  man  Considered  chief  agent  in 

carriers  to  man,  and  rata  during  dry  season  depends  partly  on  humidity.  transmission  of  bubonic 

generally  attracted  to  in  Bursa.  Most  Animal  mortality  in  lnfec-  plague.  Possible  carrier 

human  habitations.  Towns  active  Feb-H*y  in  ted  ar Xmalt  la  high,  fa-  of  typhus. 

and  cities  report  highest  Indochina.  voring  a  transfer  to  man. 

incidence.  Ground  level  Infects  by  biting  man. 

locations  preferred. 


Found  only  on  or  war  man.  More  widespread 
Man  the  only  host  for  epi-  in  cocl  season 
demic  typhus.  when  more  cloth¬ 

ing. 


By  biting  infected  host,  or  Carrier  of  epidemic  typhus, 

more  likely  by  Infections  and  possibly  of  relapsing 

through  contact  of  feces  fever. 

with  skin  abrasion,  or  by 

inhaling  dried  feces  of 

lice. 


Eucera  house*.  Attracted 
by  artificial  light. 


Found  entire  aea-  Blisters  caused  by  body  Skin  vesicant.  Generally 

son  on  bordara  of  fluids  whin  beetles  crushed  not  a  serious  reaction, 
partly  flooded  on  akin.  limit  to  epidermis, 

rice  fields. 


Enter  houses  In  May  and  Not  knows.  Same.  Same. 

September.  Occur  through¬ 
out  ysar.  Attracted  by 
artificial  light. 


TAB l-g.  IV:  HARMFUL 


Species 


tUcc,:;.'ysnlis 
spi~  ly  ra 
NeumW. 
fie  • 

Rhlyic  •jphalus 
san;- .  '.t..*us 
(Latr~..le) 
brown  tick 


Lipctiy  =,sus 
bacoti 
Hirst 
mite 


Trcmblcula 

akamushl 

(Brumpt) 

mite 


Trcmbicula 
del lent it 
Ualch 
mite 


Scolopendra 
i  ngulata 
cei  t  Ipede 


Otostigpua 

aculeatus 

Haase 

millipede 


ARTHROPODS  (OTHER  THAN  INSECTS!  IN  SOUTHEAST  ASIA 

General  Breeding  Situation  and/or 

Distribution  Environmental  Adaptation 


Indochina  Caanon  in  rich  evergreen  forest  cover,  heavy 

undergrowth.  Rainfall  average  in  excess  of  80 
in.  where  tick  is  commonly  found.  Natural  hosts 
are  monkeys,  rats,  squirrels,  and  map. 

General  Females  can  mate  only  after  blood  meal.  Eggs  de¬ 

posited  on  ground.  Larvae  attaches  to  host  —  dog 
or  man.  Dog  princioal  host.  Attacks  man  more 
often  under  hot,  dry  conditions. 


General  Parasitic  on  rats.  Often  turn  to  man  after  rat 

hosts  eliminated  by  poisoning  or  trapping. 

Coro-on  in  areas  of  natural  rat  harborage.  Requires 
four  blood  meals  to  complete  life  cycle. 


General  Most  common  hosts  are  Rattus  flavlpectus  vunns- 

nensls  and  a  tree  shrew,  Tupala  belangerl 
versura  Eggs  laid  on  ground  and  hatched  larvae 
attach  toeacelves  to  animals  frequenting  area. 

Man  occasionally  an  accidental  host.  Parasitic 
only  in  V  jt  stage  after  hatching,  I refer  river 
edges  in  land  periodically  flooded. 


General  Most  cosnon  hosts  are  Yunnan  buff-breasted  rat 
(Rattua  flavlpectus  yunaanensls)  and  Slader’s 
roof  rat  (Rattus  rattus  sladeni).  Most  commonly 
found  in  the  rural  situations  favoring  a  concen¬ 
tration  of  rats  such  as  village  garden  sites, 
abandoned  food  dumps,  neglected  coconut  planta¬ 
tions,  and  heavy  savanna  grasslands.  Scrub 
typhus  outbreaks  accompany  drought,  flood,  poor 
crops,  famines,  filth,  over-crowding,  and  military- 
operations.  Hosts  apart  from  rats  are  often  tree 
shrews,  birds  and  man.  Prefer  river  edges  in  lsnd 
that  la  periodically  flooded. 


Indochina 
and  other 
likely 
areas. 


Eggs  laid  during  cooler  season.  Deposite..  in 
burrows  in  soft  rotted  wood.  Adults  often  found 
undei  stoves,  bark,  under  matting  in  unfloored 
houses.  Occupy  de-k,  damp  places.  Distinct 
preferences  for  high  humidities.  Most  abundant 
in  wet  forest  situation.  Often  found  in  ware¬ 
houses  in  port  cities. 


Indochinese  Occupies  dark  crevices.  Burrow*  under  rocks, 
area  logs,  mats,  etc.  Nocturnal  activity. 


Elevations  Found 


Elevations  in  India 
range  between  1,800  and 
2,000  feet. 


Hot  known.  Likely  broad 
range. 


Broad  range.  Follow 
pattern  of  rat  infestations. 


Broad  range  -  up  o 
3,000  feet. 


Greatest  exposure  Just 
above  sea  level,  T.  de- 
llensls  reported  up  to 
8, COO  feet.  Infections 
from  then  to  7,000  feet. 
Quite  abundant  in  northern 
uplands  of  Burma. 


Broad  elevational  range. 


Not  known. 


Affinity  to  Han 


Seasonality  of 
Occurrence 


Keans  of 
Transmiscion 


Role  as 

Disease  Carrier 


Ticks  Infect  sen  opera¬ 
ting  in  forest. 


Man  coosnonly  attacked 
because  of  close  rela¬ 
tionship  between  man  and 
dog. 


Rare  during  wet  Transmission  of  disease  by  Ca. rier  of  Kyasanur  Forest 

nonsoon.  Peak  biting.  Commonly  transmit-  disease, 

months  are  March  tad  from  animal  to  sun. 
and  April. 

Host  pronounced  Pathogen  multiplies  in  rick.  Important  carrier  of  tick 

at  beginning  of  Kan  itmeculated  by  bite  of  borne  typhus,  Indian  tick 

rainy  season.  tick.  typhus,  and  other  rickettsial 

fevers.  Possibly  tick  paralysis. 


Parasitic  on  house  infes¬ 
ting  rodents  and  may 
attack  man. 


No  known  season-  By  biting  man.  Parasitic 
ality.  Other  mites  on  rata  end  mice  infesting 
have  lower  inci-  houses, 
dence  during  dry 
season. 


Possible  transmitter  of  murine 
typhus.  Bite  produces  v-siculer 
dermatitis.  May  be  intermediate 
host  for  microbe  carriers  of 
tularemia. 


Follow  generally  the  pat-  No  absolute  sea-  Infect  by  biting.  Disease  Carrier  of  scrub  typhur.  (Tsut- 

tern  of  rat  population.  sonallty.  Subcl-  carried  by  mites  from  in-  mugamushl  disease)  second  in 

Highest  incidence  where-  dence  appears  to  fected  host  to  man.  importance  to  T.  dcliensls. 

ver  food  and  harborage  occur  in  dry  sea- 

£or  rats  are  found.  Often  son.  Kites  sensi- 

found  in  jungle  and  rein-  tive  to  low  huai- 
farest  fur  removed  from  dity.  Highest 

man.  Active  in  early  incidence  at  be¬ 
coming.  ginning  and  end  of 

monsoon  season. 


Influence  on  man  depen¬ 
dent  largely  upon  affi¬ 
nity  of  carrier  to  man. 
As  man  provides  harbor¬ 
age  for  rats  the  inci¬ 
dence  Increases.  Hore 
comaonly  rural  settings 
affected.  Active  in 
early  morning. 


No  uniform  season-  Infecc  by  biting  man.  Pas-  Host  Important  carrier  of  scrub 
alley  of  occur-  sag*  of  mites  from  rats  to  typhus  (Tsutsugamushl  disease) 

rence.  Highest  man  takes  place  whenever  In  Southeast  Asia, 

incidence  in  the  two  occupy  the  same 

spring  and  autumn  area.  Infections  tend  to 
at  beginning  and  follow  drainage  llnea. 
end  of  wet  mon¬ 
soon.  Case  inci¬ 
dence  in  Burma 
noted  to  subside 
during  dry  period. 

Kites  appear  highly 
sensitive  to 
lowered  humidity. 


Net  especially  attracted  Long-lived — up  to  By  biting  or  stinging  with 

to  man.  Msy  bite  or  sting  6  or  8  years.  In-  poisoned  claws, 

when  provoked,  poisoned  active  under  cool 

claws  may  irritate  skin.  or  very  dry  condi¬ 

tions. 


Skin  irritant  (vesicular  derma¬ 
titis}.  Bite  reported  on  occa¬ 
sion  to  caste  painful  emailing 
with  real  discomfort. 


Pest  in  houses  during  Kaxlaum  occurrence  On  touch  emits  a  phospho-  Skis  vesicaat.  Hot  a  serious 

periods  of  hot  weather.  in  summer.  rescent  vesicant  which  reaction. 

causes  a  painful  blister 
on  skin. 


Unclassified 


Security  CUmifictiion 

f  DOCtIMEMT  CONTROL  DATA  -  RfcD  . 

I  (Security  dm* Mificmtion  of  tKlm  body  of  mbatrm  •  *,\d  Indmr'ng  annotation  ommt  b*  mntmrmd  whmo  tt.jc  omarmtl  r+cr/ti  t •  ctaaatilmdi 


1  ORICINATINC  ACTIVITV  (Corpotmtm  mu  the*}  2«.  RKRONT  SKCURHV  CLAStiFtC  ATION 

Unclassified 

U.S.  Army  Natick  Laboratories  IZTTrFup - - - 

Natick,  Massachusetts 


i ,  REPORT  TITLE 

Environmental  Conditions  Relating  to  Harmful  Insects  of  Mainland  Southeast  Asia 


4.  descriptive  NOTES  (Typm  ofrmport  mnd  tnclumivm  dmtaa) 


S  AUTHOR!*)  (Flrmt  MM,  m.lddjm  Initial,  Immt  mm) 

Edgar  Bingham 


•  REPORT  DATE 

October  1968 


•4.  CONTRACT  CR  GRANT  NO. 


7m.  TOTAL  NO.  OP  PACES  70.  NO.  OF  REFS 

02  74 


w.  omaiNATOR**  ncPOMr  HUMtaent*) 


s.  Pdojtct  NO.  1T062109A129 


69-28-ES 


W*.  OTHER  REPORT  NO(S)  (Any  o&tmr  ntmbmra  *iat  mmy  bm  maatgnmd 
tftla  taperi) 

ES-40 


10.  OltTRiauT'ON  STATEMENT 


This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is 
unlimited. 


-  supplementary  NOTES 

*7.  SPONSORING  MILITARY  ACTIVITY 

U—i - 

U.S.  Army  Natick  Laboratories 

Natick,  Massachusetts 

TRACT 

This  study  illustrates  the  relationships  between  physical  and  cultural  environments  and 
the  presence  of  harmful  insects  and  other  arthropods  In  mainland  Southeast  Asia.  These 
relationships  are  graphically  portrayed  in  diagrammatic  cross  sections  through  various 
parts  of  the  study  area.  In  addition,  the  physical  and  cultural  factors  that  contri¬ 
bute  to  the  propagation  and  spread  of  harmful  insects  are  analyzed,  and  there  are  brief 
descriptions  of  the  offending  species.  — 

Of  the  insects  that  contribute  most  to  the  origin  and  spread  of  disease,  the  mos¬ 
quito  easily  takes  first  place.  The  hot,  humid  climate  of  Southeast  Asia  and  the  numer¬ 
ous  water  bodies  provide  ideal  conditions  for  the  survival  of  this  group  of  insects. 
Various  mosquito  species  are  known  to  be  transmitters  of  malaria,  dengue  fever,  filari- 
asis,  and  Japanese  B  encephalitis.  Other  important  disease-causing  insects  include 
non-biting  flies,  fleas,  sandflies,  and  lice,  while  disease-carrying  species  are  also 
found  among  the  mites  and  ticks.  They  are  responsible  for  the  spread  of  a  wide  variety 
of  diseases  and  infections,  including  myiasis,  plague,  typhus,  kala  azar,  yaws,  and 
bacterial  dysentery. 

The  principal  environmental  types  in  Southeast  Asia  are:  (1)  cities  and  large 
towns;  (2)  villages  and  isolated  rural  settlements;  (3)  ricefields;  (4)  brackish  coasts: 
margins;  (5)  delta  plains,  coastal  plains,  and  floodplains;  (6)  elevated  plains,  low 
plateaus,  foothills;  and  (7)  hills,  mountains,  and  dissected  plateaus.  Each  of  these 
environments  has  its  own  complex  of  harmful  insects.  In  general,  the  areas  of  lowest 


elevation,  highest  rainfall,  and  hast  oopulation  have  the  widest  variety  of  harmful 
insects,  and  the  areas  of  highest  elevation,  lowest  rainfall,  and  densest  population 
have  the  fewest.  However,  there  ate  exceptions  to  this  rule. 
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